A Comparative study of Insect-plant associations in old groves and rehabilitated stands of thorn forest community at Harappa by Sumbal, Nazir
1 
 
A Comparative study of Insect-plant 
associations in old groves and rehabilitated 
stands of thorn forest community at 
Harappa. 
 
 
 
 
SumbalNazir 
92-PHD.ENV-2008 
 
 
Sustainable Development of study centre. 
GOVRNMENT COLLEGE UNIVERSITY 
LAHORE 
2 
 
A Comparative study of Insect-plant 
associations in old groves and rehabilitated 
stands of thorn forest community at 
Harappa. 
 
 
Submitted to Government College University 
Lahore. In Partial fulfillment of the requirements for 
the award of the degree of 
 
Doctor of Philosophy 
in 
Environmental Science 
By 
 
SumbalNazir 
92-PHD-ENV-2008 
Sustainable Development of study 
centre. 
             COLLEGE UNIVERSITY 
LAHORE 
3 
 
 
DECLARATION 
 
I SumbalNazir, Roll No. 92 PhD-ENV-2008 student of Ph.D in the subject 
Environmental Sciences hereby declare that the matter printed in this thesis titled “A 
Comparative study of Insect-plant associations in old groves and rehabilitated 
stands of thorn forest community at Harappa”is my own work and has not been 
published is my own work and has not beenprinted, published and submitted as 
research work, thesis or publication in anyform in any university, research institution 
etc. in Pakistan or abroad. 
 
 
Date:_______________                                
____________________ 
                                                                        Signature of 
Deponent 
 
 
 
 
 
 
         
 
 
4 
 
 
RESERCH COMPLETION 
CERTIFICATE 
 
Certified that the research work contained in this thesis titled 
“PHD” has been carried out and completed by Ms, 
SumbalNazir, Roll No 92-PHD-EVN-2008 under my 
supervision during her Doctor of Philosophy studies in the 
subject of Environment Science. 
Date:___________                                              Supervisor 
                                                          Dr. FaizaShrif 
                                                                  Assistant Professor, 
SDSC  
                                                                      Govt. College 
University, 
                                                   Lahore. 
 
Submitted Through                            Co- 
Supervisor 
_____________                                     
________________ 
Prof. Dr. Amtual- Bari- Tabinda  Dr. AbdualGhafoor 
Chairperson SDSC,      Ex. Chairperson 
Government College University, GCU, Faislabad, Lahore. 
        
                                                            
_________________________ 
5 
 
Controller of Examinations,  
Government College University, Lahore  
 
 
ACKNOWLEDGEMENTS 
All praises to the Gracious and Greatest Almighty ALLAH, 
the most Beneficient, the most Merciful Who has blessed me 
bringing this work to a successful end. My special tribute to 
the Most loving among men Hazrat Mohammad Peace Be 
upon Him the sole season behind the creation of this universe. 
I am greatly indebted to my supervisor Dr.Faiza Sharif, 
Assistant Professor, Sustainable Development Study Centre, 
GC University, Lahore for her admirable guidance, 
stimulations, suggestions, encouragement and affectionate 
behaviour helped to complete the present assignment. I am 
thankful to my Cosupervisor Dr. Abdul Ghafoor Ex-
Chairperson Department of Zoology GC University 
Faisalabad for his coorperation. I am thankful to Dr. 
AnjumSuhail (Late) Chairperson, Department of Agriculture 
Entomology University of Agriculture Faisalabad and Dr. 
Muhammad Arshad Assistant Professor Department of 
Agriculture Entomology University of Agriculture Faisalabad 
for cooperating in insect species identification to carrying out 
this research work. I sincerely believe that without their 
patronage and guidance, this research work would not 
havereached a successful culmination. Their thorough analysis 
and critique improved not only the quality of this document 
but also my overall understanding about Insects diversity and 
6 
 
identification. Their contribution and support are greatly 
acknowledged. I am grateful to Archaeological Department 
for their help and assistance during this research work. 
Finally, my thanks are to all my friends and family members 
for their encouragement and support to complete this thesis. 
SUMBAL NAZIR 
 
 DEDICATED 
TO 
 
MY 
 
Affectionate Parents 
Husband 
And 
Two loving daughters MaheenEshaal& 
Fatima Eshaal 
 
 
 
 
7 
 
 
 
 
 
CONTENTS 
Minor Contents 
Title  I 
Declaration  Ii 
Research Completion Certificate  Iii 
Acknowledgements  Iv 
Dedication V 
Contents  Vi 
List of Tables  Ix 
List of Figures  X 
List of Appendices  Xii 
 
Major Contents 
 ABSTRACT 1 
Chapter 
1 
INTRODUCTION 3 
Chapter 
2 
REVIEW OF 
LITERATURE 
10 
2.1 Insects as indicators of success of 
ecosystem restoration 
10 
2.2 2.2 Insect diversity of Pakistan 16 
2.3 Guild structure of insects 25 
Chapter 
3 
Insect Diversity of old groves 
and the rehabilitated stands of 
thorn forest community at 
Harappa 
 
30 
3.1 Introduction 31 
3.2  Materials and Methods 32 
3.2.1 Sampling Techniques 32 
8 
 
3.2.2 Insects Collection 32 
3.2.2.1 Sweep nets 32 
3.2.2.2 Light trap 32 
3.2.2.3 Pitfall trap 32 
3.2.3 Insect preservation and 
identification 
 
33 
3.2.4 Diversity analysis 33 
3.2.4.1  Shannon-Weaver diversity index 33 
3.2.4.1 Simpson’s diversity index (λ or D) 33 
3.2.4.2 Hill’s diversity numbers 34 
3.2.4.3  Sorensen’s similarity index 34 
3.2.4.4 Multivariate analysis 34 
 Cluster Analysis 34 
3.3  Results 34 
3.3.1  Insect species richness and 
abundance 
34 
3.3.2 Diversity of insect orders in old 
groves and restored site at Harappa 
40 
3.4 Discussion 40 
Chapter 
4 
Insect-plant associations of 
plain thorn forest 
community at Harappa 
archaeological site 
 
46 
4.1 Introduction 47 
4.2  Materials and methods 48 
4.3 Results 48 
4.3.1  Insects associated with 
Capparisdeciduas 
49 
4.3.2 Insects associated with 
Tamarixaphylla 
51 
9 
 
4.3.3 Insects associated 
withSalvadoraoleoides 
53 
4.3.4 Insects associated with Prosopis 
cineraria 
55 
4.3.5  Cluster Analysis  56 
4.4  Discussion 60 
Chapter  5 Diversity of trophic guilds 
of thorn forest community 
at Harappa archaeological 
site 
 
67 
5.1 Introduction 68 
5.2 Materials and Methods 69 
5.3 Results 69 
5.4 Discussion 71 
 GENERAL DISCUSSION 80 
 CONCLUSIONS & 
RECOMMENDATIONS 
83 
 REFERNCES 86 
 
 
 
 
 
 
 
 
 
10 
 
 
 
 
 
LIST OF TABLES 
Tables Title of Tables Page 
Table 3.1 
Insect diversity at old groves 
and restored site of thorn 
forest community at Harappa. 
38 
Table 3.2 Comparison of insect 
diversity parameters for 
old groves and restored site 
for different orders 
(Average for three years) 
41 
Table 3.3 Comparison of Shannon 
diversity index of old 
groves and restored site 
(Average for three years) 
43 
Table 4.1 Insects-plants associations 
of thorn forest community 
at Harappa 
48 
Table 5.1 Insect trophic guilds of 
thorn forest community at 
Harappa 
79 
Table 5.2 Comparison of diversity 
parameters for various 
trophic guilds at old groves 
and restored site (Average 
for three years) 
73 
Table 5.3 Comparison of Shannon 
diversity index of old 
groves and restored site 
(Average of three years) 
78 
 
 
 
 
11 
 
LIST OF FIGURES 
 
 
Figure Title of Figure Page 
Fig. 1.1 Satellite image of Harappa 
archaeological site. 
8 
Fig 1.2 Mean monthly rainfall, minimum and 
maximum temperature (oC) during      
the years 2010-2012 at Sahiwal, which is 
35 km far from Harappa archaeological 
site 
9 
Fig 3.1 Number of insect species associated with 
the thorn forest community at  
           Harappa. 
 
35 
Fig 3.2 Number of insect species in each order 
associated with old groves and  
                   restored site 
37 
Fig 3.3 Number of insect families in each order 
associated with old groves and  
restored site. 
 
37 
Fig 3.4 Dendogram showing relationship of 
insect species richness in various orders 
in thorn forest community at Harappa 
 
45 
Fig 4.1 Dendogram showing relationship of 
insect-plant associations of all insect 
orders of thorn forest community at 
Harappa 
57 
Fig 4.2 a Dendogram showing relationship of 
insect-plant associations order 
Hymenoptera of thorn forest community 
at Harappa. 
58 
Fig 4.2 b Dendogram showing relationship of 
insect-plant associations order 
Dictyoptera of thorn forest community 
at Harappa. 
59 
Fig 4.2 c Dendogram showing relationship of 
insect-plant associations order Diptera 
of thorn forest community at Harappa. 
 
59 
Fig 4.2 d 
& e 
Dendogram showing relationship of 
insect-plant associations orders 
Thysanoptera, Homoptera, Isoptera and 
62 
12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LIST OF APPENDICES 
Coleoptera of thorn forest community at 
Harappa. 
 
Fig 4.2 f Dendogram showing relationship of 
insect-plant associations order 
Hemiptera of thorn forest community at 
Harappa 
63 
Fig 4.2 g Dendogram showing relationship of 
insect-plant associations order 
Lepidopteraof thorn forest community 
at Harappa 
64 
Fig 4.2 h 
& i 
Dendogram showing relationship of 
insect-plant associations orders 
Neuroptera and Odonata of thorn forest 
community at Harappa 
65 
Fig 4.2 j Dendogram showing relationship of 
insect-plant associations orders Odonata 
and Orthopteraof thorn forest 
community at Harappa 
66 
Fig 5.1 Insect species rischness belonging to 
various trophic guilds associated with 
thorn forest community at Harappa  
 
70 
Fig 5.2 Insect species abundance belonging to 
various trophic guilds associated with 
thorn forest community at Harappa 
71 
   
Appendix No. Title of Appendix  Page 
13 
 
 
 
 
ABSTRACT 
 
Insects are the important components of ecosystem. They play important ecological 
roles in the form of predators, pollinators, scavengers, herbivores and pests. The 
present study was conducted to compare the insect diversity and guild structure of old 
groves and newly rehabilitated stands of thorn forest community at Harappa 
archaeological site. Insect samples were collected for three years from 2010-2012. 
Different traps i.e., pifall traps, sweep nets and light traps were used for the collection 
of insect species. A total of 13838 insects belonging to 136 insect species under 14 
insect orders and 52 families were collected from old groves while at restored site a 
total of 7650 insects belonging to 76 insect species under 13 insect orders and 39 
families were collected. Different diversity parameters i.e., Shannon index, Simpson 
index, Hill diversity index and Sorenson similarity index were used to explain the 
insect diversity at both the sites. Insect species belonging to orders Coleoptera, 
Hymenoptera, Orthoptera, Lepidoptera, Diptera, Odonata, Dictyoptera, Hemiptera, 
Dermaptera, Neuropter, Thysanoptera, Isoptera,  Homoptera and Collembola were 
collected from old groves. Insect species belonging to all these orders except 
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Collembola were also found to be established at restored site. Results showed that 
diversity of all the insect orders was significantly less (p < 0.01) at the restored site 
except Isoptera. Highest number of insect species was found to be associated with 
Capparis decidua i.e., 115 while 88 insect species were found to be associated with 
Tamarix aphylla, 78 insect species with Salvadora oleoides and 46 insect species 
were found to be associated with Prosopis cineraria. Cluster analysis revealed that all 
insect orders collectively showed association of similar insect species between the 
climax species of thorn forest community i.e., S. oleoides and P. cineraria while C. 
decidua and T. aphylla (members of sub-climax association) had dissimilar insect-
plant associations. Hymenoptera, Dictyoptera, Diptera, Isoptera, Thysanoptera 
Homoptera and Coleoptera showed similar insect-plant associations between S. 
oleoides and P. cineraria. Hymenoptera, Dictyoptera and Diptera also showed similar 
insect-plant associations between C. decidua and T. aphylla. Hemipterans and 
Orthopterans showed similar insect-plant associations between S. oleoides and C. 
decidua. Lepidopteran species had similar insect-plant associations between S. 
oleoides and T. aphylla. In case of Neuroptera and Odonata, T. aphylla and C. 
decidua showed similar insect plant associations. S. oleoides and T. aphylla is the 
major insect-plant association currently present on the mound because of their 
abundant numbers as compared to the rest two species. At both sites, insects play 
different roles in the forms of Predators, Visitors, Scavenges, Herbivores, Pollinators 
and Pests. At old groves, 25% Predators insect species followed by Visitors (22%), 
Scavengers (20%), Herbivores (15%), Pollinators (12%) and Pests (5%) were present. 
Similar trend was followed at the restored site where Predators were the most diverse 
trophic guild with 24% insect species followed by Visitors (18%), Scavengers (19%), 
Pollinators (17%), Herbivores (17%) and Pests (6%). Diversity of all insect guilds 
was significantly less at restored site. These results indicated that insect species are 
good indicators of restoration success. It is concluded that after 12 years of 
restoration, both the sites showed 72% similarity of the insect species. It is expected 
that with the increasing age of the plant community greater habitat and food resources 
will be available that will enhance the diversity of insects at the restored site.  
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CHAPTER 1 
 
Introduction 
 
Insects are dominant terrestrial animal life on earth (Hoback and Higley, 2000). 
Insects play an important role in mediating the relationship between the plants and 
processes of ecosystem by influencing population dynamics, physiology and activity 
of plants (Weisser and Siemann, 2004).They are important components of the forest 
biodiversity, and have a close association with plants inforest ecosystem. Variation of 
insect diversity is an important factor for the assessment of the forest ecosystem 
health. Insect diversity can also be used in rapid assessment of the forest ecosystem 
health. Indicator insects are used to evaluate the abundance of the species, 
biodiversity level, status of target insects, and level of endemism for the forest 
ecosystem (Wu et al., 2008).The insects-plant relationship is the dominant biotic 
interaction, yet plants have many times the biomass of all animals together. The 
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functional significance of insects is enormous, owing to the large numbers of 
individuals and great intra and interspecific variety (Samways, 2004). 
Insects play various roles in the form of providers, eliminators and facilitators in 
different ecosystems and communities. Various insects act as providers by serving 
food for predacious animals, carnivorous plants and parasites.  Insects serve role as 
eliminators by removing dead organisms and waste products by consuming and 
recycling plant material  and by eating other animals. Insects play a key role as 
facilitatorsby pollination, microhabitat development and seeddispersal (Miller, 1993). 
Insect pollinators are necessary for the pollination of more than 65% of angiosperm 
species. Insects are important regulators of other insect species and plants through the 
regulation of crop  pests and losses through crop damage (Kremen and Kramer, 
2007). They occupy all the feeding niches i.e., feeding on the plants (phytophagous), 
animals (predaceous), and on the decaying material (saprophagous) (Hoback and 
Higley, 2000). Loss of tropical forests is the greatest threat to insect diversity globally 
as tropical forests harbour the majority of all insect species (Hanski, 2008). 
Insect diversity is also a driver of plant diversity. Plant diversity is a product of 
variation in the rate at which different plant species’ competitive abilities are 
expressed, and these rates are influenced by external variables such as environmental 
regulation, nutrient availability, and  herbivory. Plant diversity can also be influenced 
by competition, stress tolerance, dispersal, facilitation, successional stage and 
environmental heterogeneity. Insects can strongly influence the abundance and 
richness of plant species during insect outbreaks, which can limit the fitness and 
abundance of certain plant species. Even in non-outbreak scenarios insect herbivores 
have been shown to limit plant fitness and even small amounts of insect herbivory can 
limit tree fitness (Benette, 2010). 
Coleoptera (Beetles) are the largest order in the animal kingdom, consisting one-third 
of a million described species. Beetles exist in almost all over the world, in all 
terrestrial habitats (Booth et al., 1979). Order Coleoptera consists of very small to 
very large insects, having hardened bodies. The forewings are modified into the 
protective coveringnamed elytra. Some species are beneficial as biological control of 
arthropod pests and weeds and crop pollinators. They also act asdetrivores of animal 
remains, dead trees and dung and play a vital role in recycling of nutrients (Patricia 
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and Theogene, 2005). Dermaptera (earwigs) are omnivorous which can be beneficial 
by feeding on aphids, fleas, mites and insect eggs. 
Diptera (flies) are one of the three largest and most diverse animal groups in the 
world. They are important group of pollinators and play an important role in the 
agroforestry ecosystems. Flies visit flowers predominantly for food (Sysmank et al., 
2008). Pollen protein is necessary for reproduction in some fly species and nectar 
gives good source of energy (Kevan, 2002).  
Adult and larval stages of Dragonflies (Odonata) are voracious predators, feeding on 
the living prey. Larvae detect prey with mechanoreceptors and visually primarily as 
sit and wait predators. Odonates eat small flying insects by using their globe like eyes. 
They use their spiny legs to net prey. Most Odonata species are exceptional flyers 
because they feed during flight (Herrera and Ware, 2012). 
Hymenoptera (bees, ants and wasps) is the most diverse order of insects including 
115,000 described species. Wasps adapted variety of life styles and are accomplished 
fliers. Many wasps hunt insect larvae and play an important role of pest. Bees are 
familiar in harvesting of honey for the human consumption. They are feeders of 
pollen and nectar. Bees play an important role in cross-pollination of plants. Ants are 
voracious predators but are commonly scavengers (Zborowski and Storey, 1998; 
Mcgavin, 2000). 
Isoptera (Termites) are widely distributed in tropical regions of  world and tropical 
forests showed their highest diversity. Termites are menacing and destructive 
creatures which comprise a small part in Earth’s ecology. Termites have the ability to 
recycle the nutrients, retaining the moisture and formation of soil. Termites play vital 
roles as herbivores and decomposers. They  feed on a wide variety of living and dead 
decaying plant material. These feeding habits make termites as important ecosystem 
engineers, which modify the physical properties of soil such as soil texture, nutrients 
and water infiltration rates ( Jones and Prasetyo, 2002;Freymann et al., 2008). 
Hemiptera also known as true bugs is a diverse and large order. They are found all 
over the worldin almost all habitats. There are 80,000 described species in 37 
families. Hemipterahave a great importance in field of agriculture by causing direct 
damage to plants by herbivory and indirectly by transporting diseases. Predatory 
Hemipteraare also used for controlling the pests in agricultural systems. Terrestrial 
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Hemipteran species are very important agricultural pests (Dooling, 1991; Moshe and 
Ruberson, 1998). Leafhoppers(Homoptera) infest trees and different species coexist 
on the same species.  A few species can cause severe economic damage as vectors 
(Bentz and Townsend, 2005). Approximtely 5000 species of thrips (Thysanoptera) are 
described worldwide. The family Thripidaecontains  polyphagousthrips species (He et 
al., 2009). 
Restoration is a pathway of repairing the damaged ecosystems (Babin-Fenski and 
Anand, 2010). Ecological restoration may be an effective strategy for the reduction of  
local insect extinction rates in fragmented landscapes. The criteria of conservation 
should be incorporated in designs of restoration programmes which enhance the 
impacts to insect communities. Restoration is a strategy to address the fragmentation 
threats to isolated insect communities if insect communities are included in the start 
of restoration planning. The incorporation of insect communities increase the 
restoration cost two- to three-folds, but the ecological services provided by insect 
communities and benefits to conservation of biodiversity justify the cost (Shuey, 
2013). Insect species richness, especially herbivores increase with the increase of 
plant species richness because high diversity of plants provides variety of  resources 
for insects ( Knops et al., 1999., Marques et al., 2000). High diversity of insect 
herbivores supports maximum diversity of insect parasitoids and predators (Hunter 
and Price 1992; Knops et al., 1999; Haddedet al., 2001).Certain insects are considered 
to be particularly useful bio-indicators in evaluating restoration programmes due to 
their great abundance and functional importance, the great variety of interactions they 
have with the rest of the ecosystem, and their ability to integrate a wide range of 
ecological variables (Ramalingam, 2008).  
HarappanCivilization established on an area of about 480,000 km2 (Weber, 1991) and 
flourished in The Bronze Age approximately from 3300 to1500 BC. Ancient 
Harappa(longitude 72o51´E latitude 30o37´N, approximately 165 meters above from 
sea level) lies close to the modern Harappa town (Fig. 1.1). It is situated in the 
northeast Pakistan in  Punjab near Sahiwal   The flourishing period of Harappa town 
was about 2600-1700 BC consisted of approximately 40,000 residents. It was 
believed to be a big city of itstime. The climate of Harappa is arid. Hot summer have 
mean maximum temperature over38oC. Summer season extends from April to 
October having maximum temperature in hottest days upto 47ºC. Mild winter 
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temperaturesrangebetween 10oC - 21oC. The averagerainfall of Sahiwal district is 
about 260 mm and occur in July-September (summer season) and December-March 
(winter season). About  70 % of rainfall occur in summer season between July-
September due to monsoon (Greenmanet al., 1967; Khan, 2006). 
Archaeological site of Harappa still has pre-irrigation system landscape with the 
original cover of plain thorn forest species. This isolated remnant patch of the plain 
thorn forest community was identified as the only intact site in Punjab with a great 
conservation value (Khan, 1990; Khan, 1995). The dominant vegetation consists of 
SalvadoraoleoidesDecne.,Prosopis cineraria (L), Tamarixaphylla (L.) Karst.,and 
Capparis decidua (Forsk.) Edgew.These thorn forest species are the majorcomponent 
of Thar Desert, NorthwesternThorn Scrub Forest and Indus Valley Desert ecoregions 
of Pakistan (Wikramanayakeet al.,2001) and are reported to be drought resistant and 
salt tolerant (Khan &Qaiser, 2006; Sharif and Khan, 2009).These four thorn forest 
plant species providemedicine, construction material, fiber, fuel and fodder (Khan, 
1996) and also help in increasing soil fertility by adding nutrients in the soil 
(Ramoliya&Pandey, 2002; Singh, 2009; Karim et al., 2009; Yin et al., 2009). These 
species have their significance as life supportspecies which have been used as food in 
the famine of hot deserts of Indian Sub-continent (Bhandari, 1974; Saxena, 1979; 
Shankar, 1988; Shankarnarayan&Saxena, 1988).  
Harappa archaeological site is divided into four major mounds ( F, AB, E and ET), 
cementary H, a low western mound, area G and a flat land located near the western 
ridges of mound AB. On the three sides of Harappa archaeological site, agriculture 
lands exist while on west, Harappa town is situated (Fig. 1.1). Four major mounds ( F. 
AB, E and ET), cemetery H and a low western mound area G cover an area of 53.4ha 
and consist of original thorn forest species (old groves) which act as reference site. 
Approximately 2568 trees belonging to S. oleoides, P. cineraria, C. decidua and T. 
aphylla are present on old groves. In 2001 GCU Lahore in collaboration with WWF-
Pak and Archaeology Department selected a bare salt-affected flat land of 14.8 ha 
present near the western ridges of mound AB for restoration purposes (restored 
site).The objectives of this restoration programmewere to provide protection to the 
archaeological site, act as a buffer zone by reducing the edge effectand to increase the 
habitat size for the diversity of native plants and insect species. Since then 
approximately 2600 plants of the four plant species have been successfully 
established there (Sharif, 2010). The age of restored site is 12 years. Reference sites 
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explain the species composition, diversity and abundance that are the aims of all 
restoration projects.  
The aim of present study was to analyze the insect fauna of thorn forest community of 
Harappa archaeological site. In this study insect diversity was assessed for three years 
from 2010-2012. The insect diversity of two sites i.e., old groves (reference site) and 
restored site was compared. As the age of restored site is only 12 years but the old 
groves have thick cover of thorn forest species so it was hypothesized that the former 
site will have less diversity of insects as compared to later. The insect guild structure 
of the thorn forest community was also observed. The detailed climatic data (mean 
monthly) for the study period (2010-2012) is presented in Fig.1.2. 
 
Objectives 
The objectives of this study were to 
1. Investigate the diversity of insect fauna of thorn forest community of Harappa 
archaeological site. 
2. Make a comparison of insect diversity between old groves and restored site. 
3. Find out the associations of insect species with the four plant species of thorn 
forest community. 
4. Find out the insect guild structure of thorn forest community at Harappa. 
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Fig. 1.1: Satellite image of Harappa archaeological site. 
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Fig.1.2:  Mean monthly rainfall, minimum and maximum temperature (oC) 
during      
the years 2010-2012 at Sahiwal, which is 35 km far from Harappa archaeological 
site (Data taken from Pakistan Meteorological Department Lahore). 
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REVIEW OF LITERATURE 
 
 
The review of literature is divided into following sections 
1. Insects as indicators of success of ecosystem restoration 
2. Insect diversity of Pakistan 
3. Trophic guilds of insects 
2.1 Insects as indicators of success of ecosystem restoration 
Arthropods are the useful bioindicators in the terrestrial ecosystems because of their 
diversity and abundance. Insects are good indicators because of their quick response 
to environmental stress and having short generation times (Peck et al., 1998). They 
are the key components in nutrient cycles, food webs, soil formation and plant 
reproduction (Orlofske et al., 2010). Many studies have used insecs as indicators for 
measuring ecosystem restoration success as detailed below. 
Debinski and Babbit (1997) compared the composition of butterflies of native and 
restored prairie of Kansas. Five tracts were chosen for this study. They observed that 
native prairie had highest richness of butterflies while restored burnt prairie possessed 
lowest butterflies richness because the restored burnt prairie possessed grasses rather 
than forbs. Botanists encourage the process of burning for prairie restoration because 
it accumulate dead plant material, eliminated woody competitors and stimulate the 
flowering and productivity of many prairie species but this study concluded that 
frequent burning may not benefit the butterfly community in restored prairies.  
King et al., (1998) found that ants are biological indicators of ecological change. They 
selected five sites in Queensland's humid rainforests, Australia in which two sites 
acted as reference sites (undisturbed). Three sites were cleared sites, in which two 
sites were under revegetation for 1 year and 2 months, respectively while the third site 
was not revegetated and consisted of only pasture grasses. A total of 50 ant species 
belonging to 29 genera were collected. Ant species richness was highest at the 
reference sites (21) as compared to unvegetated disturbed site (7). The site which was 
under revegetation for 1 year had higher species richness (19) as compared to site 
under revegetaion for 2 months (12). This study explained the biogeographical 
patterns of ant community structure and responses of ant communities to disturbance 
which support the widespread use of ant communities as bioindicators of ecological 
change.  
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Longcore, (1999) collected terrestrial arthropod communities by pitfall traps from 
three restoration sites of various ages of coastal sage scrub area. Vegetation 
parameters were similar at both the sites. It was observed that the diversity of native 
arthropods was significantly lower at restoration sites than undisturbed native sites 
because of the presence of abundant exotic arthropods in the restoration sites which 
inhibited the establishment of native arthropods through reduction in existing species 
numbers, decreased habitat complexity and disrupted physical parameters. It was also 
concluded that in restoration programs, a great attention should be given to preserving 
the habitat for the diversity of native arthropod communities. 
Bomar, (2001) surveyed orthopteran (grasshopper) populations in reconstructed and 
remnant prairies in Wisconsin. He observed that reconstructed prairies lacked the 
overall diversity of grasshopper species that are present in remnant prairies. The 
important factors for the conservation of grasshopper and restoration of prairie were 
not dependent on the age of the restoration but the size and type of prairie 
reconstructed as well as proximity to remnant sites. It was suggested that the 
management plans for the species which overwinter as nymphs should include the 
factor of fire. 
Lomov et al., (2006) used lepidoptera as indicators for monitoring the restoration 
programmes in Sydney, Australia. They compared butterfly and moth assemblage 
samples in remanats, revegetated pastures and unrestored pastures of Cumberland 
Plain Woodland in Sydney. Moth assemblages were sampled by using light trap. 
Compositon and richness of moth species were not significantly different in 
revegetated areas. After one year period, species richness of butterfly increased in 
revegetated areas as compared to pastures. Forest remnants comprised butterfly 
species twice as compared to the revegetated areas. These revegetation practices 
showed an increase in diversity of Lepidopteran assemblages in restoration of 
Cumberland Plain Woodland. But this was not clear that these practices were on a 
trajectory towards the reference assemblages of the forest remnants. This study 
indicated that butterflies (Lepidoptera) had great potential for using as indicator in the 
restoration programs in Australia. 
Grimbacher et al. (2007) investigated the use of different types of reforested habitat 
by ground-active rainforest beetle assemblages on land, which had been previously 
cleared of rainforest, in the tropics and subtropics of eastern Australia. Ground-active 
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beetles were sampled by using pitfall traps. It was concluded that achieving high 
canopy cover and sufficient structural complexity are important factors associated 
with the restoration of rainforest-like beetle assemblages to reforested sites. 
Andersen and Sparling (2008) used ants as bioindicators in Australian land 
assessment and monitoring programs in aspect of ecosystem restoration. They 
examined interaction between the biomass of soil microbes and ant species richness 
on 17 sites of Kakadu region of Australia's Northern Territory which are disturbed by 
the process of mining. The number of ant species on the restored site was 7 while the 
undisturbed site consisted of 43 species. The range of soil microbial biomass was 
from 19.3 to 134.3 μgC/g. A positive correlation was found between the ant species 
richness and soil microbial biomass (r= 0.638). These findings provide a support for 
use of ants as indicators of restoration by demonstrating a correlation between the 
decomposition process and aboveground ant activity.  
Gardner et al. (2009) evaluated the rehabilitation efforts on the basis of arthropod 
community richness, composition and ground cover in three habitats i.e., burned, 
undisturbed and weeds infested (B. tectorum). Pitfall traps were used for the 
collection of arthropods. Rarefaction curves were used for the comparison of 
differences in the arthropod richness. Arthropods were distinct in the rehabilitated 
habitat as compared to the weed infested and undisturbed habitats.  This study 
explained that the rehabilitation  was shifted toward the conditions of undisturbed 
habitat. It was concluded that this was an intermediate step for the completion of 
restoration and arthropod richness was also used as an indicator of restoration. 
Zippelini et al. (2008) compared the diversiy of Collembola in reforested sites of 
different ages with undisturbed area (control) in northeastern Brazi. A total of 12,183 
individual collembolans, distributed in 24 species, 13 genera and 10 families were 
collected.  Results indicated that the diversity of collembolla was less at the restored 
site as compared to undisturbed site.  Soil Collembolans were used as bioindicators 
for the disturbed areas because they are highly sensitive to different stages of 
ecological succession due to having short life cycle. 
Nelson (2009) collected butterflies from the sites consisting of exotic vegetation and 
sites which were cleared and then native vegetation was planted over there along the 
Las Vegas Wash in Nevada. The richness and abundance of butterfly species were 
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higher in native sites. Results suggested that the restoration program need measures in 
environmental variables and wildlife to achieve restoration success.  
Nordqvist (2009) used butterflies as indicators of ecosystems services and goods in 
Miombo woodlands in Tanzania (Africa). Ten study sites with different degrees of 
disturbances were investigated for two months. Study site 1 consisted of open land 
covered with bushes. Study sites 2-9 were the miombo forest of intermediate 
disturbed area. Site 10 was close to forest reserve and considered highly disturbed 
area. Butterflies were observed either on the wing or by using a net by using transect 
method. Three butterfly traps with rotten banana were hung up along each transect to 
attract frugivorous species. From the sites, a total of 56 species were observed on the 
basis of their habitats. Out of total 56 species, 15 species were forest species, 15 
species belong to grassland, 18 species were generalists, and 8 species were unknown. 
Site 10 consisted of lowest species richness and abundance as compared to other sites. 
It was concluded that less disturbed forest area indicated the most important indicator 
species and the highly disturbed area consisted of lowest diversity of butterflies.  
Piper et al. (2009) used pitfall traps to sample the ants in replicate sites of unmanaged 
regrowth monoculture and mixed species plantations and ecological restoration 
plantings; together with reference sites in pasture and rainforest. They recorded 35 
epigaeic ant genera (4,623 individuals) from 50 tropical sites and 39 genera ( 9,904 
individuals) from 54 subtropical sites, with 47 genera. Community composition of 
both genera and functional groups differed between pasture and rainforest, although 
many genera were widespread in both. Reforested sites were intermediate between 
pasture and rainforest in both regions, and showed a gradient associated with 
decreasing grass and increasing tree and litter cover. Older monoculture plantations 
and ecological restoration plantings had the most rainforest-like ant assemblages, and 
mixed-species cabinet timber plots the least, of the reforested sites. It was concluded 
that ground-active ant genera and functional groups sampled in rapid surveys by 
pitfall-trapping showed only a modest ability to discriminate among different types of 
reforestation. Species-level identification together with expanded sampling effort was 
suggested to be more informative, but would require resourcing beyond the scope of 
rapid assessments. 
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Babin-Fenske and Anand (2010) examined the recovery of terrestrial insect 
communities in naturally recovering and restored sites in response to severe historic 
pollution in the region of Sudbury, Ontario. They find that the insect communities 
have not recovered to the same degree as the plant communities. Furthermore, they 
present directions on how cross-taxa surrogacy can be useful to further aid the use of 
insects as indicators of restoration success. 
Fernandes et al., (2010) observed the richness of galling insects in the restored stands 
of Amazonian tropical rain forest of several ages (0–21 yr), as well as in areas of 
primary forest in Brazil. The richness of gallers increased with the age of the restored 
stands because changes in plant community affect the availability of resources for 
herbivores during the process of succession.  
Osnas et al. (2010) observed the combined effect of plantation and erosion control 
practices in Andean hillsides of Colombia for the restoration of gullies on the 
diversity of Lepidoptera. Results indicated that with the passage of restoration time, 
diversity of Lepidoptera was increased. Increase in the diversity of plants helped the 
reestablishment of the ecological processes and food chain in degraded Andean 
landscapes. 
 
Crane and Baker (2011) evaluated the health and biodiversity of a 3-year-old 
revegetated patch of pastoral land in Australia by comparing it to a mature forest, 
using ants and flying insects as bioindicators. In the mature forest, three genera 
belonging to ant species were observed. Only one genra (Ochetellus) was observed in 
the revegetated forest but in greater abundance as compared to mature forest. This 
was due to the reason of limitation of traps and biological and physical differences 
between the sites. 
 
Fragoso and Varanda (2011) assessed the flower visitors of five tree species in a 
restored area of Semideciduous Seasonal Forest in Brazil. A total of 139 insect 
species belonging to five orders were collected. Hymenoptera was the most diverse 
order collected. From a total of 37 families, Vespidae (15 species), Cabronidae (12), 
Apidae (10), Halictidae (10), Syrphidae (12), Tachinidae (6) and Hesperidae (7) were 
the richest ones. Schinus terebinthifolius flowers presented the most abundant and 
diverse insect visitors (60). The data suggest that mutualistic interactions between 
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some of these plants and their flower-visiting insects may be in a reinstatement 
process, and will support the design and monitoring of future restoration efforts. 
Adeduntan et al. (2013) assessed the diversity of arthropods and tree species in 
mangrove, rainforest and savannah vegetation of Ondo state, Nigeria. Hand picking 
method and sweep nets were used for the collection of insects. They identified 166 
insects out of which Fifteen (15) species were from mangrove swamp forest, 37 from 
rainforest and 18 from savannah in dry seasons.  
Mchenga and Ali (2013) observed the distribution and diversity of macro-fauna 
community in Nyeke Mangrove forest. For the first time, insects were registered with 
103 species belonging to 49 families. Hymenoptera was the most abundant order with 
27 insect species. Insects were present in significantly higher number from upper, 
middle to lower mangrove zone. This study indicated better and ecological sound 
management of the mangrove biodiversity resources. 
Khadija et al., (2013) observed the insect fauna richness, abundance and diversity of 
Kota Damansara Community Forest Reserve. A total of 774 insects belonging to 13 
orders and 79 families were observed. This study shows that Coleoptera (42.63%), 
Hymenoptera (17.96%), Diptera (10.08%) and Orthoptera (10.85%) were the most 
dominant orders in the forest reserve. The highest insect diversity was observed in 
Diptera (Shannon’s, H’ = 2.67), while Dermaptera, Isoptera, Mantodea and 
Phasmatodea (Shannon’s, H’ = 0.00) were the lowest. However, the highest insect 
evenness was observed in Blattodea (Evenness, E = 0.36). This study also found that 
the abundance of insects in Kembit zone was the highest (Margalef index, = 8.51) 
compared to other sites.  
Leach et al., (2013) compared the beetle and ant assemblages between two sites i.e., 
pasture and remnant rainforest of subtropical eastern Australia by using pitfall traps. 
They observed significantly different assemblage compositions between rainforest 
and pasture. They identified characteristics of ant and beetle species of pasture and  
rainforest remnants that can be used as bioindicators in the future monitoring 
programmes.  
Audino et al. (2014) evaluated the success of tropical forest restoration by using dung 
beetles (Coleoptera: Scarabaeinae) as bioindicators. The increasing similarity of dung 
beetle species composition to primary and old secondary  forest with increasing time 
since restoration indicates that these areas are successfully progressing towards the 
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reference systems but species richness, number of individuals, biomass and functional 
richness in the restored areas were lower than forest reference sites.  
In the light of above literature, it is concluded that many studies have found factors 
i.e., age of community, vegetation composition, climate change, fire as determinants 
of insect diversity. 
 
2.2 Insect diversity of Pakistan 
Insect collection present in Insect Museum, Karachi during 1952 provided starting 
point for all those interested in the evaluation of insect biodiversity in Pakistan. 
National Insect Museum Catalogue explained that a total of 10,353 species of 
Coleoptera, 2,986 species of Diptera, 5,078 species of Hemiptera, 4,813 species of 
Hymenoptera, 36 species of Homoptera, 12,811 species of Lepidoptera, 117 species 
of  Neuroptera, 1,391 species of Odonata, 7,079 species of Orthoptera were collected 
from various cities of Pakistan (Insect Database of Natural Insect Museum 2012). 
Most of the studies on insect diversity in Pakistan have been carried out on 
agroforestry ecosystems and relatively less information is available on the natural 
habitats as stated below. 
Muzzaffar and Ahmad, (1990) determined the relative abundance and dominance of 
honeybees in Pakistan. They observed Apis mellifera, Apis cerana, Apis dorsata and 
Apis florea at Haripur, Islamabad, Murree and Sargodha.  All these four species of 
honeybees were found in foot-hill areas of Islamabad and Rawalpindi during the 
period of September to May. The wild colonies of A. cerana migrated after this period 
towards the hills of Murree and Abbottabad due to shortage of flora. The population 
of these species decreased in these areas in second half of the year. On the basis of the 
availability of flora, A. dorsata migrated towards the Sindh, Punjab and some areas of 
NWFP and Balochistan.  Colonies of A. florea were present in coastal areas, plains, 
foot-hills and sub-coastal areas throughout the year. During autumn and late summer 
A. cerana and A. mellifera moved to the hills where they took pollen and nectar from 
the flora. It was concluded that the population densities of Apis spp. vary in different 
areas of Pakistan on the basis of availability of flora. 
Suhail (1994) made an extensive survey during 1991-1992 to know the habitat, 
distribution and taxonomic position of acridoid fauna of Pakistan. He observed 146 
orthopteran species belonging to Acridoidae from four climatic regions (Tropical 
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coastlands, Sub-tropical continental high lands, Sub-tropical continental low lands 
and Chagai- Kharan region) of Pakistan.  
Akhtar and Rashid (2001) investigated the diversity of termites in district Bahawalpur 
from October 1998 to March 1999. They found six species of termite i.e., 
Coptotermes heimi, Odontotermes obesus, Microtermes mycophagus, Odontotermes 
guptai, Microtermes obesi, and Amitermes sp from 250 soil cores of 30x30 cm. 
Termites showed maximum value of  population density (124.44/m2)  in the month of 
January while they showed minimum value (30.27/m2) in the month of March. A 
positive and non-significant (P>0.05) correlation was observed between the 
population density and relative humidity and atmospheric temperature.Termites 
diversity was analyzed by using different diversity indices. Simpson diversity index 
showed 62% termite diversity and Shannon Weaver diversity showed 65%.  
Maan and Chaudhry (2001) observed the wild life in which insects were also included 
from irrigated forest plantations i.e., Changa Manga Wildlife Sanctuary, Kundian 
Wildlife Sanctuary, Cheechawatni  Wildlife Sanctuary and Lal Suhanra (National 
Park, Shorkot Wildlife Sanctuary, Kala Chitta Game Reserve, Kathar Game Reserve. 
In Changa Manga Wildlife Sanctuary, 27 insect species in which butterflies, hoppers, 
beetles and other insects were observed. In Daphar wild Sanctuary, 28 insect species 
in which butterflies, moths, hoppers, beetles were observed. In Kathar Game Reserve  
13 insect species were observed in which butterflies and moths were observed. In 
Kundian and Lal Suhanra, insects were not observed. In Bhagat Game Reserve 19 
species belonging to butterflies, beetles and hoppers were observed.In Shorkot 
Wildlife Sanctuary, 24 insect species in which butterflies, hoppers, beetles and other 
insects were observed. In Kamalia Wildlife Sanctuary, 27 insects belonging to 
butterflies, hoppers and beetles were observed. In Cheechawatni Kamalia Wildlife 
Sanctuary, 22 insects belonging to butterflies, moths, beetles and other insects were 
observed. It was concluded that this record of wild life species will help in 
conservation, management and sustainable use of wild life areas and biodiversity. 
Nadeem et al. (2004) investigated the diet contents present in gizzard of Houbara 
Bustard in Rajanpur, Thal and Cholistan regions of Pakistan. A total of 34 Houbara 
Bustard gizzards were collected during the period of 1999–2000 in Rajanpur, 
Cholistan and Thal regions, Punjab to determine its food preferences. Samples were 
immediately fixed in 10% formaldehyde. Animal and plant matter of contents were 
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separated, weighed and identified. Most of the matter found in the Houbara Bustard 
gizzards was plant material (78% by mass). Parts of seeds, leaves, flowers and young 
shoots of 19 plant species belonging to 11 families were identified. Most of the plant 
species were Dipterygium glaucum, Farsetia hamiltonii, Capparis decidua and 
Haloxylon salicornicum. Most of the animal matter in the diet content of Houbara 
Bustard composed of Adesmia aenescens, Arthrodosis sp and Pimelia indica.  
Zahoor et al. (2003) observed richness, evenness and diversity of noctuids from crop 
areas and forest areas of Faisalabad. Hand picking and ligt traps methods were used 
for the collection of noctuid species. They collected 4184 specimens of lepidopterous 
insects. From these 4184 lepidopterous specimens, 1084 specimens were of family 
Noctuidae belonging to 13 species. In crop area, a total 792 were the Noctuids out of 
3004 individuals while in forest area out of 1180 individuals 292 Noctuids were 
collected. Noctuid species richness, evenness and diversity were analyzed by Shannon 
diversity index. Comparisons between forest area and crop area were made by t-test. 
The number of noctuid species was higher in crop area as compared to forest area but 
the diversity of noctuid species was higher in forest area as compared to crop area. 
The reason of higher diversity in forest was due to high temperature, high humidity 
and dense plantation. These factors dispersed the insects on small scale. 
  
Zahoor et al. (2003) observed the richness, evenness and diversity of coccinellids. 
They also assessed the behaviour of coccinellids with change in environment and 
avalibility of prey. They captured a total of 8119 specimens of coleopterous insects 
out of which 4972 were the coccinellids belonging to 22 species in agro-forest 
ecosystem of Faisalabad. Crop area consisted of  2027 coccenellids out of total 2756 
specimens while forest area consisted of 2945 coccinellid specimens out of 5363 
individuals. Coccinellids species richness, evenness and diversity were analyzed by 
Shannon diversity index. Comparison between forest area and crop area were made 
by t-test.  In crop area, 19 species of coccinellidae were recorded with the highest 
population of Coccinella septempunctata. The value of evenness showed that crop 
area was evenly distributed with the dominance of Coccinella septempunctata, 
Brumus suturalis, following the species Coccinella septempunctata var divaricata and 
Menochilus sexmaculatus as compared to others. In forest area, there was 
heterogenous distribution of 22 species belonging to family Coccinellidae. Shannon 
diversity index showed that diversity of these coccinellid species was higher in forest 
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area as compared to crop area. Coccenellids were prey dependent species as the prey 
attacks (aphids) were higher on crop fields, their population was also high. More 
number of prey species indicated the more number of Coccinellids. 
Ahmed et al. (2004) collected a total of 11720 specimens belonging to different insect 
orders associated with sugarcane fields from the area of Shahbaz pur, Makkuana and 
University of Agriculture Faisalabad.  Hand nets, pitfall traps, light traps and malaise 
traps were installed for the collection of insects fortnightly. Shannon diversity index 
was used for the analysis of diversity of insects. A total of 11720 individuals 
belonging to 117 species of insect orders Homoptera, Lepidoptera, Hemiptera, 
Coleoptera, Orthoptera, Isoptera, Neuroptera, Diptera, Odonata and Hymenoptera 
were collected.  Maximum population of insects was observed in July and August due 
to higher relative humidity and rainfall. Maximum value of Shannon diversity index 
(1.66) was shown in Makkuana and minimum value (1.55) was shown by Shahbaz 
pur. Shahbazpur showed maximum value of Evenness (0.22) while minimum value of 
Evenness (0.13) was shown by Agriculture University. Maximum value of insect 
species richness (0.87) was shown by Agriculture University and minimum value 
(0.77) was shown by Shahbaz pur.  
Aslam, 2009 collected moths from various localities of Peshawar in 2007 (during 
June to August) to find out the richness, diversity and evenness of moth species. Light 
traps were used for the collection of moths for sixty nights from dawn to dusk. A total 
of 774 moth specimens were collected belonging to family Noctuidae, Pyralidae, 
Arctiidae, Geometridae, Sphingidae and Lymantriidae by using light traps. Family 
Pyralidae consisted of highest number of moth species (251) while minimum number 
(30) of species belonged to family Sphingidae. Highest value of diversity index (1.03) 
was shown by Family Noctuidae while family Sphingidae had lowest value (0.18). 
The value of species richness, eveness and diversity index of moth fauna were 5.26, 
0.87 and 3.14, respectively. Rich vegetation in Peshawar played an important role for 
the survival of insect fauna because it provides food and shelter to insects.  
Inayat et al. (2010) compared the richness, abundance and evenness and of insect 
fauna collected from sugarcane, wheat, fodder, and brassica crops in Faisalabad. 
Sugarcane was the preferred crop by majority of faunal species followed by fodder, 
wheat and brassica. Sweep nets and Pitfall traps were used for the collection of 
insects. Sugarcane showed maximum diversity of insect species. Wheat crop showed 
maximum species of hemipteran pests and coleopteran predators. Insect fauna of 
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wheat and brassica showed highest similarity in species richness and abundance. 
From 2007-2008, insect diversity and abundance were higher as compared to 2008-
2009.  It was due to low rainfall during 2008-2009. Insect species was divided in 
trophic guilds on the basis of feeding habits. Trophic guilds showed the highest 
number of species belonging to phytophagous (175) which then followed by 
zoophagous consisted of 41 species then omnivore having 27 species and 
saprophagous consisted of 23 species. The study will provide information in 
designing the future integrated pest management plans.  
Tariq (2010) made a survey of distribution, habitat and taxonomic position of 
Anisopterous (Dragonflies) fauna of Pakistan during 2006 – 2009 from different agro-
ecological regions of Pakistan. A total of 1349 specimens belonging to 05 families, 39 
genera and 68 species were collected and identified. Family Aeshnidae had 09 species 
belonging to 06 genera, Cordulegasteridae had only one species, Corduliidae had 03 
species of 02 genera, Gomphidae had 12 species of 09 genera and Libellulidae had 43 
species belonging to 21 genera.  
Manzoor et al. (2010) observed termites in seven forests (plantations) of Punjab 
(Bhagat, Kamalia, Chichawatni, Changa Manga, Jallo Forest Park, Daphar and 
Attock) in 2008 which consisted of following major plantations: Acacia arabica, 
Tamarix articulate, Dalbergia sissoo, Morus alba, Eucalyptus comadulensis, Melia 
azedarach, Abies pindrow, Tectona grandis, dry grass , Bombex siba, Arjun 
terminalia, Prosopis apiclgora, Ficus religiosa, Mangifera indica, Albizzia lebbak, 
Phyllanthus emblica, Syzygium cumini, Broussonetia papyrifera, Dendrocalamus 
atrictus ,Salmalia malabarica, Poplus sp. and rubber tree. Twelve termite species 
were observed i.e., Odontotermes obesus, Heterotermes indicola, Coptotermes heimi, 
Odontotermes guptai, Odontotermes assmuthi, Odontotermes horai, Microtermes 
mycophagus, Microtermes obesi, Microtermes unicolar, Microcerotermes 
pakistanicus Odontotermes gurdaspurensis and Bifiditermes beesoni were recorded. 
M. obesi was the most common termite species (19%) and B. beesoni (1.5%) was 
least common species in forests of Punjab. It was concluded that the subterranean 
termites infest the wood in high moisture level and with larger diameters.  
Mukhtar et al. (2010) surveyed the grasshopper fauna in various localities of Quetta, 
Balochistan. A total of 14 species were collected. Out of these, 11 species were 
recorded for the first time from this area. These are: Acrida exaltata (7.0%), 
Sphingonotus rubescens rubescens (8.31%), Aiolopus thalassinus thalassinus (16.9 
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%), Heteracris illustris (0.22%), Oedaleus senegalensis (3.14%), Locusta migratoria 
(4.3%), Oedaleus abruptus (0.22%), Scintharista notabilis (16.2%), Ochrilidia 
gracilis gracilis (2.7%), Schistocerca gregaria (1.6%), and Truxalis eximia eximia 
(3.0%). 
Manzoor et al. (2011) studied the diversity of termites in wheat crop and  garden trees 
in  Bhakkar in 2006 from January-June. They found six species of termites i.e., 
Coptotermes heimi, Odontotermes obesus, Microcerotermes spp., Microtermes 
mycophagus, Microtermes obesi and Odontotermes guptai. Overall diversity of 
termites was analyzed by Shannon diversity index and Simpson index. Shannon 
diversity index showed 94% diversity of termites and Simpson index showed 35% 
diversity of termites recovered from soil cores. On the basis of Shannon index and 
Simpson index, highest diversity of termites was observed in month of June. The 
dominant termite species was M. mycophagus both in garden trees and wheat crop.  
Nasir et al. (2011) studied the biodiversity of staphylinid beetles from 8 cropped 
localities of Punjab during 2008. Pitfall traps, light traps, flight intercept traps, sweep 
nets and burleson’s funnel methods were used for the collection of staphylinid beetles. 
Out of 874 specimens, twenty six staphylinids species belonging to 15 genras were 
collected. Overall, Paederus fuscipes showed highest population with 33.6% while 
lowest population was showed by Tachyporus himalayicus with the value of 0.5%. 
Sargodha and Rahim Yar Khan showed highest values of Shannon weaver index 
(2.572) and α-diversity index (20.804). Rawalpindi showed lowest values of α-
diversity and Shannon weaver index i.e., 9.76 and 1.82, respectively. This study 
showed that Paederus fuscipes was more abundant staphylinid species in Berseem 
and maize due to higher densities of crop and humidity. 
Rahatullah et al. (2011) collected 14 species of ladybird beetles belonging to sub-
families Coccinellinae, Epilachninae, Chilocorinae and Scymninae from Timergara, 
Jandool, Maidan and Adenzai located in District Dir Lower, Pakistan. They observed 
the diversity, host importance, distribution and seasonal occurrence of these beetles. 
They found two new species of ladybird beetles Cryptogonus faizihanum and 
Hypraspis rahatiana out of 14 species from Dir Lower. This is a new addition in 
Coccinellid fauna of Pakistan. Brumoides saturalis found on P. malus feeding aphids 
and were found in all sites of Dir Lower.  From all sites, 50 individuals of 
Coccinellina septempunctata were presenton variety of plants like, Zea mays, S. 
melongena and Hibiscus escolentus etc. From the sites of Maidan and Jandool, 
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Coccinellina transversalis was present from the plantation of G. max, L. sativa, H. 
esculentus and P. domestica. In Maiden, 5 individuals of Coccinella transversalis 
were found on H. annus. Hyperaspis rahatiana from Maiden and Halyzia 
tschitscherini were collected fromJandool and Maidan from D. sisso. Harmonia 
dimidata were collected from Zea mays and D. sisso from all sites. Oenopia sauzeti 
was observed from Z. mays and H. annus from Jandool and Maidan. From D. sisso, 
Illeis cunfusa was observed from the sites of Adenzai and Timergara. A  total of 35 
individuals of Menochilus sexmaculata was recorded. This species was found in all 
sites and collected from H. annus, H. esculentus, Z. mays, and P. domestica from all 
sites. These species were collected from Triticum aestivu and B. compertris; feeding 
on aphids, psyllids and whiteflies. Cryptogonus nepalunsis from Maiden and 
Cryptogonus faizihanum from Maidan and Jandool were collected from mot grass. 
Epilachna sp from Adenzai and Jandool was collected from S. tuberosum, Z. mays 
and T. aestivum. 
Gadahi et al. (2012) investigated different genras of mosquitoes in Tandojam and its 
surroundings from May to June 2010. A total of 2316 mosquito samples were 
collected which belonged to five generas. These specimens belonged to genera Culex 
(49%), Anopheles (16%), Aedes (1.4%), Uranotaenia (11.7%) and Psorophora 
(21.8%). From swampy and marshy areas, 563 samples of mosquitoes were collected 
in which most abundant genra was Psorophora with the value of 218 (38.7%) 
followed by Uranotaenia 138 (24.5%), Anopheles 123 (21.8%) and Culex 84 (14.9%). 
From lavatories, a total of 277 samples of mosquitoes were collected.  In this 
collection, dominant genera were Culex 239 (86.3%) followed by Anopheles 23 
(8.3%) and Psorophora 15 (5.4%). From ditches, 186 samples of mosquitoes were 
collected. The dominant genra of mosquitoes in ditches were Culex (56.5%) followed 
by Anopheles (43.5%). From grassy areas, a total of 552 genras of mosquitoes were 
collected. Among which the most abundant genra was Psorophora (49.5%) followed 
by Uranotaenia (24%), Culex 17%), Aedes (5.8%) and Anopheles (3.6%). From 
animal pens, a total of 629 amples of adult mosquitoes were collected. The most 
common genus was Culex comprising 524 samples (83.3%) and least common was 
Anopheles 105 samples (16.7%). From houses and containers, 109 samples of 
mosquitoes were taken and were found to be belonging to two genera. Most abundant 
genus was Culex (81.7%) followed by the genera Anopheles with the value of 18.3%. 
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This study gave a detailed account on the diversity of mosquitoes belonging to 
various genra in and around various sites of Tandojam.   
Perveen (2012) identified 21 species of Lepidoptera belonging to 3 families Pieridae 
(57%), Namphalidae (33%) and Papilionidae (10%) from five localities of Kohat. 
Butterflies were collected from September to December in 2008. In family 
Namphalidae, Ariadne merione Cramer, Cynthia cardui Linnaeus, Argynnis hyperbius 
Linnaeus, Junonia almanac Linnaeus, Phalantha phalantha Drury, Junonia orithya 
Linnaeus and Hipparchia parisatis Kollar were observed. Family Papilionidae 
consisted of Papilio polytes Linnaeus and Papilio demoleus Linnaeus. Family 
Pieridae consisted of  Catopsilia pomona Fabricius, Colias croceus Geoffroy, , 
Colotis protractus Butler, Catopsilia etrida Boisduval, Eumera hecab Linnaeus, 
Gonepteryx rhamni Linnaeus, Belenoi aurota Bingham, Ixias pyrene Linnaeus, Pieris 
ajaka Moore, Pieris napi Linnaeus, Pieris brassicae Linnaeus and Pieris rapae 
Linnaeus.  
Fazal et al. (2012) studied insect diversity and effects of abiotic factors (temperature 
and humidity) on the insect population at Lawrence garden, Lahore in 2009 from 
January to June. A total of twelve orders of insects were collected. Lepidoptera, 
Diptera, Hymenoptera and Coleoptera were the most diverse orders consisted of 17, 
15, 14 and 13 insect species, respectively. Order Dictyoptera (1 species), Thysanura 
(1 species), Odonata (2 species), Orthoptera (3 species) Dermaptera (1 species) and 
Embioptera (1 species), Isoptera (3 species) and Hemiptera (2 species) were the least 
diverse orders. Increase in temperature and humidity increased the number of insect 
species from January-March. Decrease in humidity with increasing temperature 
reduced the number of insects from April to June. Insects which consisted of chewing 
mouth parts were in abundance in garden because these types of insects feed on 
variety of food substances. It was concluded that abiotic factors (temperature and 
humidity) had a great influence on the diversity and abundance of insect species. 
Temperature and humidity also determine the development process and reproduction 
rates of insects. 
Ali et al., 2013 evaluated the diversity of subterranean termites in Bahawalpur. Six 
species of termites i.e., Coptotermes heimi, Psammotermes rajasthanicus, 
Microtermes unicolor, Odontotermes obesus, Eramotermes paradoxalis and 
Microtermes mycophagus were recorded. Overall diversity value of termites on the 
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basis of Shannon index was 66% and value of Simpson index was 68%. Termites 
showed maximum diversity in August (64%) on basis of Simpson diversity index and 
in September 95% on basis of Shannon diversity index due to heavy rainfall in 
monsoon season.  
Abbas et al. (2013) collected macroinvertebrates from weeds present on edges and in 
the fields of sugarcane and wheat agro-ecosystems by using sweep nets. A total of 
2,963 specimens and 2,468 specimens of macroinvertebrates including pulmonates 
and arthropods were collected from wheat and sugarcane associated weeds. Most 
abundant and diverse macroinvertebrates assemblages were collected from Cynodon 
dactylon (grass) associated with both wheat and sugarcane. Orthoptera, Diptera, 
Hemiptera, Araneae and Hymenoptera were most abundant orders present in weeds 
associated with wheat and sugarcane crops. Macroinvertebrate species richness and 
diversity was significantly high in edges (S = 149, 60; H = 4.05, 3.16) in both 
sugarcane and wheat respectively, than in the centers (S = 79, 38; H = 3.56, 2.93 for 
wheat and sugarcane, respectively). It was concluded that weeds played important 
role in increasing richness and diversity of macroinvertebrate species that helped in 
agroecosystem sustainability through biological pest control.  
Junaid et al., (2013) explored the fauna of family Carabidae (Coleoptera) from ten 
different localities of district Poonch in Azad Kashmir during the year 2009-2010. 
Pitfall traps were used for the collection of carabid beetles. Five beetle species were 
identified under three genera belonging to 3 sub-families. These subfamilies were 
Licininae, Brachininae, Carabinae and the species were Chlaenius quadricolar, 
Pheropsophus sobrinus, Chlaenius laticollis, Carabus caschmirensis and Chlaenius 
hamifer. The most abundant species was Carabus cashmirensis. It was followed by 
Chlaenius quadricolar, Pheropsophus sobrinus, Chlaenius laticollis, and Chlenius 
hamifer. It was concluded that entomological investigations of carabid bettles can be 
conducted by using different sampling methods for the description of their ecological 
services as biocontrol agents and predatory status, their feeding behavior and 
abundance of species. 
Sial et al. (2013) investigated the diversity of beetles in Bahawalpur by using pitfall 
trap from five different habitats (Interdunal sandy area, Interdunal clayey area, Sand 
dunes, Grassy plots and Area inside-outside residencies). A total of 507 specimens 
representing five families Carabidae, Tenebrionidae, Scarabaeidae, Coccinellidae, 
Elateridae and twelve genera Anthia, Brachinus, Scarites, Calosoma, Blaps, Tentyria, 
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Pimelea, Onthophagus, Tomarus, Thyce, Coccinella and Agriotes were recorded. 
Overall diversity was 86% and 88% on the basis of Simpson and Shannon scales, 
respectively. The highest similarity index (0.66) was found between Interdunal sandy 
area and Sand dunes sites. 
Sultana et al. (2013) assessed the grasshopper diversity of Thar desert in Sindh. This 
study found 29 species of grasshoppers from desert area of Tharparkar, Sanghar, 
Umerkot, and Badin in Sindh. From these 29 grasshopper species, 24 species 
belonged to family Acrididae, 4 species belonged to family Pyrgomorphidae and only 
1 species belonged to family Tetrigidae. The species Oxya hyla hyla Serville, 
Heteracris littoralis Rambur, Acrotylus humbertianus Saussure,  Mioscirtus wagneri 
rogenhoferis Saussure, Sphingonotus savignyi, Saussure,  S. rubescens Walker, 
Acrida exaltata Walker, Duroniella laticornis Krauss, Truxalis eximia eximia 
Eichwald, Chrotogonus trachypterus trachypterus Blanchard and Poekilocerus pictus 
Fabricius were found in all localities from fodder crop, maize, rice and jowar, herbs 
and shrubs.  
Perveen et al. (2014) made first recorded collection of 318 dragonflies during May to 
July in 2011 from the Lower Dir district, Khyber Pakhtunkhwa. Among them 11 
species of dragonflies belonging to 3 families were collected. The golden-ringed, 
Cordulegaster brevistigma brevistigma Selys belonged to family Cordulegasteridae 
and Clubtails, Onychogomphus bistrigatus Selys belonged to family Gomophidae. 
The spine-legged redbolt, Rhodothemis rufa (Rambur); black-tailed skimmer, 
Orthetrum cancellatum Linnaeus; blue or black-percher, Diplacodes lefebvrei 
(Ramber); ground-skimmer, Diplacodes trivialis Rambur; common red-skimmer, 
Orthetrum pruinosum neglectum (Rambur); triangle-skimmer, Orthetrum triangulare 
triangulare (Selys); common-skimmer, Sympetrum decoloratum Selys; slender-
skimmer, Orthetrum Sabina (Drury) and wandering-glider or global-skimmer, 
Pantala flavescens (Fabricius) belonged to family Libellulidae. 
2.3 Guild structure of insects 
Insect trophic guilds determine the functional complexity of a community. Many 
studies have used insect guilds structure to evaluate restoration success i.e., how 
insect functional diversity is linked to overall community complexity. Some studies 
also showed the importance of guild structure in the stability and integrity of variety 
of ecosystems as detailed below. 
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Williams (1993) compared the arthropod community of naturally occurring riparian 
woodland (reference site) with reconstructed system to evaluate the efforts of riparian 
restoration program, along the San Luis Rey River in California. Pan traps and Sweep 
nets were used for the collection of insects and other arthropods from 1989 to 1991. 
Insect assemblages were observed as these functional groups were indicators which 
have an effect on ecosystem processes in the form of pollinators, predators, 
herbivores, parasites and detritivores. A total of 230,000 arthropod specimens were 
identified. At restored site, communities of insects developed rapidly. Abundance of 
all arthropods on the reconstructed site was lower than at the reference site. At the 
restored site, abundance of detritivores developed rapidly which was considered as an 
indication of resiliency. At reconstructed site, after 1991, low numbers of predators 
and parasites were observed. At reconstructed site, lower numbers of pollinators and 
herbivores were the indication of immigration or introduction of these species with 
transplanted vegetation in 1989 but did not colonize at the site due to less availability 
of suitable habitats.  
Cagnolo et al. (2002) examined the insect communities affected by the process of 
grazing at montane grassland present in Central Argentina. They compared two 
grazed sites. One site consisted of heavy and continuous cattle load while other site 
consisted of moderate and discontinuous cattle load. Minimum values of richness, 
abundance, biomass and diversity of insect assemblages were observed in the most 
intense grazed site as compared to other site. Herbivores were the most abundant 
guild as compared to secondary consumers and chewers in guild structure. It was 
concluded that intense grazing resulted in the changes in guild structure of insect 
communities. 
Odhiambo (2003) investigated the guild structure and composition of arthropods in 
four forest stands of Kenya i.e., Pinus patula stand, Cupressus lusitanica stand,  
disturbed and undisturbed natural forest stands. The guild structure of arboreal 
arthropods consisted of 33.4% phytophages fauna, 2.5% epiphyte fauna, 0.1% 
xylophages fauna, 8.1%, predators, 4.5% parasitoids, 8.5% scavenging fauna, 3.3% 
ants and 39.6% tourists. Results indicated that Tourists showed highest density 
followed by Phytophages, Scavenging fauna, Predators, Parasitoids, Ants, Epiphyte 
fauna and Xylophages. Guild structure was affected by the disturbances of forest 
ecosystems either due to size reduction and loss of guild like epiphyte fauna or the 
presence of xylophages fauna. It was concluded that guild structure of arthropods 
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depended on the heterogeneity and homogeneity of forest stand and also on the level 
of disturbance.  
Vanderwel et al. (2006) observed the insect communities associated with various 
types of dead wood at Algonquin Park in Ontario, Canada. They collected insect 
species belonging to orders  Diptera, Coleoptera and Hymenoptera associated with 
four decay classes of pine i.e., Pinus strobus, P. banksiana and P. resinosa. They 
collected logs from 22 sites to analyze the changes in insect trophic structure. Results 
suggested that insect communities in case of predators and xylophages were most 
abundant in fresh logs while insects saprophages, predators, fungivores, and 
parasitoids were most abundant in more highly decayed logs. It was concluded that 
with the help of forest management practices, wood-inhabiting insects and their 
associated ecological functions were maintained. 
Albrecht et al. (2007) analyzed community structure and food webs of insects at 
restored meadows and within the intensively managed grassland at increasing 
distances at 13 sites in Switzerland. They observed 49 quantitative food webs 
consisted of 1382 trophic interactions. These trophic interactions included 39 host-
prey insect species and 14 parasitoid-predator insect species. Species richness and 
abundance of bees and wasps (lower trophic level) and natural enemies (higher 
trophic level) were significantly higher at the restored than at the adjacent managed 
meadows. The proportion of attacked brood cells and the mortality of bees and wasps 
due to natural enemies were significantly higher at the restored than in intensively 
managed meadows. These findings indicate that interaction diversity declines more 
rapidly than species diversity due to increased distance from restored meadows. The 
higher insect species and interaction diversity was related to higher plant species 
richness at restored than at intensively managed meadows. It was concluded that 
enhanced compartment diversity and lower interaction evenness at restored than at 
managed meadows was associated with increased ecosystem stability at the restored 
meadows. 
Dilling et al. (2007) assessed the insect guild structure associated with immature and 
mature eastern hemlock, Tsuga canadensis (L.) Carrière, at high and low elevations 
before the introduction of Fiorinia externa Ferris (elongate hemlock scale) and 
Adelges tsugae (Annand) (hemlock woolly adelgid) in southern Appalachians. They 
determined the guild structure of 243 insect species present in eastern hemlock. They 
found hematophage, detritivore, fungivore, herbivore, predator, parasitoid, scavenger 
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and transient guilds. Chewers, flower feeders, nectar feeders, sap suckers, pollen 
feeders and seed feeders were observed by the subdivision of transient guilds and 
herbivore. Guilds associated with mature and immature hemlocks present at low 
elevations showed significant association while high elevations showed no significant 
association. Phytophagous insects associated with immature hemlocks and scavengers 
associated with mature hemlocks showed strong association. They observed transient, 
predator and scavenger guilds significantly lower co-occurrence among species 
indicating segregation of the species within these guilds. The herbivore guild had a 
significantly higher co-occurrence among species. Parasitoids, detritivore and 
hematophage guilds showed no significant difference in  comparison with simulated 
community. These results indicated that before the introduction of elongate hemlock 
scale and hemlock wooly adelgid, eastern hemlock consisted a dynamic and diverse 
insect community. 
Pais and Varanda (2010) investigated the recolonization patterns of epigeic arthropods 
at the restored sites of semideciduous forests in southeastern Brazil. The community 
structure of forest remanant acted as reference site was compared with the 5, 17, 29 
and 36 months old adjoining sites. Pitfall traps were used for capturing arthropods. 
After plantation, richness and abundance of species were equal to the reference at five 
months. A distinctive composition of species was observed in comparison with 
reference site and also within the restored sites. Arthropod fauna was observed at 
restored sites which moved towards the fauna observed at reference site over time. 
Ants and termites were the most abundant species at both reference and all restored 
sites. Results also highlighted that ants were important species because of ecological 
indicators of restoration site.  
Tarrant et al. (2012) assessed the floral characteristics of the vegetation and species 
richness and abundance of flower-visiting insect assemblages were compared between 
nine pairs of restored landfill sites and reference sites in the East Midlands of the 
United Kingdom. Both reference sites and restored landfill sites showed no 
differences in case of plant species richness and abundance between the reference site 
and restored landfill sites. Both sites possessed similar pollinator assemblages. Plant 
and insect species richness and abundance were lower in spring season at the restored 
landfill sites while higher in the autumn season as compared to the reference sites. 
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This was due to lower floral resources in spring seasons. The results indicated that in 
this region, landfill sites were compared with the reference sites on the basis of their 
floral resources and associated insect pollinator assemblages. 
Nelson and Wydoski (2013) studied butterfly assemblages in five different watersheds 
present at six types of riparian landscapes in the southwestern United States. First type 
of riparian landscape was dominated by invasive and exotic Tamarix ramosissima 
(tamarisk). Second type of riparian landscape consisted  of tamarisk in controlled and 
not actively revegetated. Third  type of riparian landscape was reestablished with 
upland plants. Fourth type of riparian landscape consisted of riparian plant 
revegetation. Fifth type of riparian landscape consisted of native riparian vegetation. 
Sixth type of riparian landscape consisted of mixture of tamarisk and native 
vegetations. They observed that local butterfly species consisted of more sensitive and 
less resilient butterflies to environmental and vegetation changes. Abundance of these 
sensitive butterfly species showed significant differences at different landscapes. 
Significantly low abundance values were observed between the sites where tamarisk 
was removed without restoration and sites consisted of tamarisk. It was concluded 
that for the recovery of sensitive butterfly species removal of tamarisk was not 
sufficient tool. Riparian condition, soil moisture and active restoration of sites were 
important factors for the abundance of sensitive butterfly species.  
Nooten et al. (2014) compared the insect communities on transplanted host plants at 
the warmer sites with control plants transplanted within the species native range in 
eastern Australia to find out the effects of change in climate on insect communities. 
Comparisons of the insect communities were also made among transplanted plants at 
warmer sites and congeneric plant species native to the warmer transplant area. It was 
found that composition of morphospecies of Hemiptera and Coleoptera were different 
between control transplants in comparison to warmer sites. Feeding guilds structure 
including non herbivores were also different between transplants and controls in case 
of entire Hempiteran and  Coleopteran community. At control and warmer sites, 
higher level of consistency within the plants were showed by herbivorous insect 
community. Because when phytophagous species migrated due to changes in  climate, 
they colonize  new host plants in  same functional guild by replacing species. At 
warm sites, herbivores and non herbivores both showed differences between the 
cogenerics and transplants in case of structure of feeding guild and composition of 
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community. It was concluded with the help of above results that a turnover in insect 
communites composition  was observed due to warm climate which should be 
considered. 
Above literature indicated that various factors i.e., climate change, soil conditions, 
level of disturbance, plant species richness and abundance, homogeneity and 
heterogeneity were the factors  responsible in the development of functional 
complexity of an ecosystem. Insects play important roles in ecosystems as predators, 
parasites, pollinators, and prey. The characteristics of insects i.e., their small size, 
large numbers and short life cycles facilitate the use of insects as indicators of 
ecosystem stability, complexity and overall biodiversity. They are good indicators of 
plant community health and restoration success. 
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Chapter  3 
 
 
Insect Diversity of old groves and the rehabilitated stands of 
thorn forest community at Harappa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Introduction  
 
Insects are the most diverse group of animals with over a million of different species 
found in every habitat except sea (Contreras and Vlisidou, 2008). They are the 
dominant component of the biodiversity in the terrestrial ecosystems (Weisser and 
Siemann, 2004). Insects show enormous variations in their season availability, size, 
trophic level, life history, mobility and habitats. Insect communities make an 
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important part of terrestrial ecosystems by the diversity of both the species and life 
forms (Adjaloo et al., 2012). A rich community of arthropods is supported by the 
diverse plant community. Diversity of the organisms in ecosystem is considered as an 
indicator of the stable, productive, and complex ecosystem (Rieske and Buss, 2001). 
Insects dominate in many food webs (Schoenly et al., 1991) and food chain lengths. 
Much trophic complexity in any restoration program can be investigated through the 
monitoring of invertebrates alone. Insects are vertebrate food and this is considered to 
be an important function of insects (Holmquist, 2004). Plant richness increases during 
the process of succession, in late stages.The higher diversity of woody plants and 
higher results in the production of greater resources and microhabitats which promote 
the insect diversity (Barberena-arias and Aide, 2003). This study reports for the first 
time the insects faunal inventory and analysis related to thorn forest community at 
Harappa site in Pakistan. After this study changes to the insect biodiversity associated 
with both old groves and restored forest at Harappa can be evaluated with greater 
precision and confidence in coming decades. Moreover this study aims not only to 
establish a baseline data on species richness and distributions to which future surveys 
and conservation activities could be related but also to make a comparison of insect 
diversity between old groves and restored forest at Harappa under different 
management systems as management interventions are very high at the restored site. 
The present study was undertaken with the following objectives. 
1. Collection, inventorying and monitoring the insect diversity by determining the 
species richness, abundance, evenness and diversity of insects. 
2. Make a comparison of insect diversity of two sites i.e old groves and restored site 
of Harappa. 
 
 
3.2 Materials and Methods 
3.2.1 Sampling Techniques 
Two sampling sites, old groves (53.4 ha) and a restored site (14.8 ha) of thorn forest 
community at Harappa mound were selected for studying the insect diversity. Twenty 
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sampling sites of thick vegetation were selected on the old groves while twelve sites 
were selected on the restored site. Both sites were monthly sampled for collecting 
insects for three years but data were summed up on yearly basis and are being 
discussed on the basis of results of three years. At each visit, insect samples were 
collected in the morning, afternoon and evening. Samples of flying insects were 
collected through sweep nets and light traps while terrestrial insects were collected 
from bark or by using pitfall traps. All the traps were installed for one week every 
month and then insects were collected from the traps. Frequency of sampling was 
increased to twice a month during flowering and fruiting seasons. 
 3.2.2 Insects Collection 
For trapping and monitoring a variety of insects different traps were used as detailed 
below. 
3.2.2.1 Sweep nets 
For trapping the flying insects, a sweep net (32 cm diameter) was used. The sweep net 
was swept in an arc at the selected sampling spots. The trapped insects were killed in 
the killing jar containing ethyl acetate (Wickramasinghe et al., 2004). 
3.2.2.2 Light trap 
For the collection of nocturnal flying insects, a bucket type light trap having 60 watt 
incandescent electric bulb was used. The bottom of bucket was filled with the ethyl 
acetate (killing agent). The traps were adjusted according to the height of trees at 
selected spots of both sites (Yahiro and Yano, 1997).  
3.2.2.3 Pitfall trap 
For the collection of ground insects, pitfall traps were used. A wide mouth jar of 12 
cm deep and 8.5 cm in diameter was introduced in another plastic jar whose bottom 
was filled with 95% ethylene glycol and few drops of detergent for killing and 
preservation of insects. At every monitoring five traps each were installed at an 
interval of 10 feet from one another at all the selected spots of both sites (Paoletti et 
al., 1999). As the numbers of selected spots were 20 and 12 at old groves and restored 
site respectively, so it made up a total of 160 traps at each monitoring. These traps 
were left installed for a whole week after that the insects were collected and 
preserved.  
3.2.3 Insect preservation and identification 
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The collected hard bodied insects were pinned in wooden boxes containing 
naphthalene balls for preservation. Soft bodied insects were preserved in the glass 
vials containing 70% ethyl alcohol. Insects were identified under the stereo-zoom 
microscope with the help of available literature and the keys. 
3.2.4 Diversity analysis 
Following indices were used for insect biodiversity analysis. 
3.2.4.1 Shannon-Weaver diversity index 
Shannon-Weaver diversity index (H) was used to find out the diversity of insect 
species at both sites (Shannon and Weaver, 1963). The proportion of species relative 
to total number of species (pi) was calculated, and multiplied by natural logarithm of 
this proportion (ln pi). The results were summed across the species, and multiplied by 
-1. 
                                                    H = -Σ pi ln pi 
Evenness (E) was calculated by dividing H by Hmax 
 E = H/Hmax= H/ ln S 
Where Hmax=ln S 
Where S = species richness 
3.2.4.1 Simpson’s diversity index (λ or D) 
Simpson’s index (λ or D) was used to provide important information about rarity 
(diversity) of species present on the sites (Simpson, 1949) and was calculated as 
                                                     
Where pi is calculated by formula 
pi=  ni/N 
ni shows individuals number of  the species i 
N shows total number of individuals of all the species 
3.2.4.2 Hill’s diversity numbers 
Hill’s diversity numbers were used to determine the number of abundant species and 
species which are in maximum abundance present at both sites (Hill, 1973). It was 
measured by using formula 
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where pi explains the individuals proportion of ith species  
and A= 0, 1, 2. 
3.2.4.3 Sorensen’s similarity index 
The Sorensen’s similarity index was used to determine the similarity between two 
sites. It was measured by formula  
                                                    CS= 2C/A+B 
Where CS explains the coefficient of similarity, C explains common species present in 
two sites, A and B explain total species present in sample A and B, respectively 
(Sorensen, 1948). 
Independent sample t-test was used to compare the diversities of two sites as given by 
formula (Hutcheson, 1970) 
t = H1`- H2`/ (Var H1` + Var H2`)1/2 
3.2.4.4 Multivariate analysis 
 Cluster analysis 
For Cluster analysis, STATISTICA Ver. 8 (Stat Soft, 2007) was used by analyzing 
chord distance as a measure of dissimilarity by following Ward’s method (Ward, 
1963; Sebastian et al., 2005). 
3.3 Results 
3.3.1 Insect species richness and abundance 
In the present study a total of 13838 insects belonging to 136 insect species under 14 
insect orders and 52 families were collected on old groves while at restored site a total 
of 7650 insects belonging to 76 insect species under 13 insect orders and 39 families 
were collected (Table 3.1 & Fig 3.1). 
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Fig. 3.1: Number of insect species associated with the thorn forest community at  
           Harappa. 
 
Distribution of insect species in each order at the old groves was 
Coleoptera > Hymenoptera > Orthoptera > Lepidoptera > Diptera > Odonata > 
Dictyoptera > Hemiptera > Dermaptera > Neuroptera > Thysanoptera > Isoptera >  
Homoptera > Collembola. 
While this order was slightly changed at the restored site, 
Coleoptera > Hymenoptera > Lepidoptera > Diptera > Orthoptera > Odonata > 
Dictyoptera > Hemiptera > Dermaptera > Neuroptera > Isoptera > Thysanoptera >  
Homoptera > Collembola (Fig. 3.2). 
Coleoptera was the most diverse order with 22 insect species under 10 families at old 
groves followed by Hymenoptera (22, 7), Orthoptera (21, 4), Lepidoptera (18, 7), 
Diptera (16, 6), Odonata (8, 2), Dictyoptera (7, 2),  Hemiptera (6, 3), Dermaptera (5, 
3), Neuroptera (4, 3), Thysanoptera (2, 2), Isoptera (2, 1), Homoptera (2, 1), 
Collembola (1, 1 ) while at restored site, Coleoptera was in abundance with 16 insect 
species under 10 families followed by Hymenoptera (13, 5), Lepidoptera (11, 5), 
Diptera (9, 6), Orthoptera (9, 2), Odonata (4, 1), Dictyoptera (3, 2), Hemiptera (3, 1), 
Dermaptera (2, 2), Neuroptera (2, 2), Isoptera (2, 1), Thysanoptera  (1, 1),  Homoptera 
(1, 1),  Collembola (0, 0) (Figs. 3.2 & 3.3). 
old groves
136
64%
restored site
76
36%
50 
 
 
        Fig. 3.2: Number of insect species in each order associated with old groves 
and  
                   restored site. 
 
 
 
Fig. 3.3: Number of insect families in each order associated with old groves and  
                   restored site. 
During the first year (2010) 135 insect species were collected from both sites. Only 
one new species was collected from both sites in the second year (2011) and no new 
species was collected in the third year (Appendix I, II and III). Abundance of insect 
species collectively for both sites varied from 19046 in the first year to 21952 in the 
second year and 23462 in the third year.     
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Table 3.1: Insect diversity at old groves and restored site of thorn forest 
community at Harappa. 
 
Order/Family/ Species OG RS Order/Family/ Species OG RS 
Coleoptera    Collembolla    
Anthicidae Anthicus sp    Entomobryidae Entomobrya sp  × 
        Carabidae Calosoma maderae Fabricius   Total  1 0 
 Calosoma sp   × Hymenoptera    
 Chlaenius bimaculatus Dejean   Apidae Anthophora sp  
 Pterostichus sp.     Apis dorsata Fabricius  
Chrysomelidae Phyllotreta sp    Ceratina sp  
  Cicindelidae Cicindela repanda Dejean    Apis mellifera Linnaeus  
 Cicindela undulata Dejean   ×  Apis florea Fabricius   
      Coccinellidae Coccinella septempunctata 
Linnaeus 
   Xylocopa pubescens Spinola  × 
 Coccinella transversalis   Braconidae Cotesia sp  × 
 Menochilus sexmaculatus 
Fabricius 
 ×  Macrocentrus collaris 
Spinola  
 
Curculionidae Myllocerus discolor Bohieman    Microplistis sp  
 Myllocerus undatus Marshall    Microplistis demolitor 
Wilkinson 
 
 Tanymecus indicus Faust  × Formicidae Aenictus aratus Forel  
Geotrupidae Geotrupes orientalis Westwood  ×  Formica exsectoides Forel  
Scarabaeidae Onthophagus gazelle Fabricius    Formica sp  × 
Staphylinidae Paederus fuscipes Curtis   Ichneumonidae Netelia sp  × 
 Staphylinus xanthocephalus 
Kratz 
 × Sphecidae Sceliphron sp  × 
Tenebrionidae Adesmia sp   Tiphiidae Myzinum sp  
 Cryphaeus gazella Fabricius   Vespidae Polistes sp1  × 
 Pimelia indica Senac    Polistes flavus Cresson  
 Pimelia sp    Polistes metricus Say  × 
Total  22 16  Vespa crabo  
Dermaptera     Vespa orientalis Linnaeus  × 
Labiduridae Labidura sp  ×  Vespa sp  × 
 Labidura riparia Pallas   Total  22 13 
Forficulidae Forficula sp  × Dictyoptera    
 Forficula auricularia Linnaeus   Blatttidae Periplanata sp.1  × 
Labiidae Labia minorLinnaeus  ×  Blattid sp.1  
Total  5 2  Blattid sp.2  × 
Homoptera     Periplanata sp.2  
Cicadellidae Cicadulina bipunctella 
Matsumura 
 × Blatellidae Blatella sp. 1  
 Cicadellid sp    Blatella sp.2  × 
Total  2 1  Blatella germanica Linnaeus  × 
Neuroptera    Total  7 3 
Myrmeleontidae Dendroleon sp  × Isoptera    
Chrysopidae Chrysoperla carnea Stephens   Termitidae Microtermes obesi Holmgren  
Ascalaphidae Osmylus nubeculosus Navas  ×  Odontotermes obesus 
Rambur 
 
 Ogcogaster tessellata Westwood   Total  2 2 
Total  4 2     
 
Where,                                                                                                                                                  
OG= Old groves,  RS = Restored site                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                    Contd.  
52 
 
 
Order/Family/ Species OG RS Order/Family/ Species OG RS 
Lepidoptera    Odonata    
Arctidae Utethesia pulchella Linnaeus   × Coenagrionidae Ishnura forcipata Morton  × 
Crambidae Diaphania indica Saunders  × Libellulidae Crocothemis erythraea 
Brulle 
 
 Spoladea recurvalis Fabricius    Orthetrum anceps Schneider  
Lycaenidae Zizeeria Karsandra Moore  ×  Crocothemis Servilia Drury  
Noctuidae Agrotis ipsilon Hufnagel    Pantala flavescens Fabricius  
 Earias insulana Boisduval     Orthetrum pruinosum 
neglectum Rambur 
 × 
 Agrotis segetum Denis & 
Schiffermueller  
 ×  Crocothemis sp  × 
 Earias vitella Fabricius  ×  Orthetrum sabina Drury  × 
 Spodoptera litura Fabricius   × Total  8 4 
 Helicoverpa armigera Hubner   Orthoptera   
 Spodoptera exigua Hubner    Acrididae Acrida exaltata Walker  
Nymphalidae Danaus chrysippus Linnaeus    Aiolopus thalassinus 
Fabricius  
 
Papilionidae Papilio demoleus Linnaeus  ×  Acrotylus insubricus Scopoli  
 Papilio polytes Linnaeus    Aiolopus sp   × 
Pieridae Colotis danae Fabricius    Hieroglyphus sp  × 
 Eurema hecabe Linnaeus    Locusta migratoria  × 
 Colotis amata Fabricius    Oxya velox Fabricius  
 Pieris brassicae Linnaeus    Sphingonotus rubecens 
Saussure 
 
Total  18 11  Sphingonotus savignyi 
Saussure 
 
Thysanoptera     Sphingonotus sp 1  × 
Thripidae Thrips sp  ×  Sphingonotus sp 2  × 
Phlaeothripidae Haplothrips sp   Gryllidae Acheta domestica Linnaeus  × 
Total  2 1  Gryllus bimaculatusDeGeer  × 
    Gryllotalpidae Gryllotalpa 
orientalisLinnaeus 
 × 
Diptera    Pyrgomorphidae Chrotogonus trachypterus 
Blanchard 
 
      Agromyzidae Agromyza sp    Chrotogonus sp1  
Calliphoridae Calliphora vicina Linnaeus    Chrotogonus sp2  × 
 Calliphora sp  ×  Poekilocerus pictus 
Fabricius 
 × 
Chironomidae Chironomid species1    Pyrgomorpha conica  
 Chironomid species2  ×  Pyrgomorpha sp 1  × 
 Chironomid species3  ×  Atractomorpha crenulata  × 
Culicidae Aedes albopictus Skuse   Total  21 9 
 Anopheles stephensi Liston  × Hemiptera    
 Culex pipiens Linnaeus   Miridae Creontiades pallidus Ramber  × 
 Culex quinquefasciatus Say  × Largidae Physopelta gutta Burmeister  × 
 Culex tarsalis Coquillett  × Pentatomidae Bagrada hilaris Burmeister   
 Culex sp    Eocanthecona furcellata 
Wolff 
 
Muscidae Antherigona soccata Rondani    Nezara viridula Linnaeus  
 Antherigona sp   ×  Nezara sp  × 
 Musca domestica Linnaeus   Total  6 3 
Otitidae Chrysomyza demantata Fabricius      
Total  16 9 GRAND TOTAL  136 76 
 
Where, 
 OG= Old groves,  RS = Restored site 
 
 
 
53 
 
3.3.2 Diversity of insect orders in old groves and restored site at Harappa 
Compilation of diversity indices (Shannon index, Simpson’s index, Hill’s diversity 
index and Evenness) data on yearly basis within and between sites showed variation 
(Appendix I, II and III). 
Table 3.2 showed that the values of Shannon index, Simpson index, Evenness, Hill 
diversity numbers N1 and N2 for all orders for three years were 3.57, 0.04, 0.72, 36 
and 22 for old groves while in case of restored site these values were 3.21, 0.06, 0.65, 
25 and 16, respectively. The value of Sorensen similarity index between the two sites 
was 0.717 for three years data. Isoptera showed highest value of Sorensen similarity 
index followed by Coleoptera (0.842), Lepidoptera (0.800), Hymenoptera (0.743), 
Diptera (0.720), Odonata (0.667), Hemiptera (0.667), Neuroptera (0.667), Homoptera 
(0.667), Thysanoptera (0.667), Orthoptera (0.600), Dermaptera (0.571) and 
Dictyoptera (0.444). On the basis of comparison of diversity of Shannon index, the 
diversity of all other insect species of various orders was significantly less at restored 
site while species of Isoptera showed no significant difference in their diversity at 
both sites (Table 3.3). Cluster analysis revealed two main clusters on the basis of 
resemblance of species richness among various orders (Fig. 3.4).  
3.3 Discussion 
Comparison of insect diversity parameters for old groves and restored site for 
different orders for three years is presented in table 3.2. The value of Shannon index 
for all orders at old groves after three years was high indicating that old groves 
consisted of highest number of abundant species (N1= 36) in which 22 insect species 
were maximum in abundance as compared to restored site (N1 = 25) in which 16 
insect species were maximum in abundance. Low value of Simpson index of old 
groves as compared to restored site indicated that old groves consisted of less number 
of rare species due to high diversity at old groves. Less rarity at old groves showed 
that 72% insect species were evenly distributed at old groves as compared to restored 
site where this value was 65%.  
Higher value of Shannon index for Coleoptera showed its greater diversity at old 
groves as compared to restored site. Due to high value of Shannon index at old 
groves, there were more number of abundant species (N1=7) in which 5 species were 
maximum in abundance (Adesmia sp, Cryphaeus gazella Fabricius, Pimelia indica 
Senac , Pimelia sp and Coccinella septumpunctata Linnaeus) as compared to restored 
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site where 6 insect species were abundant ouof which 5 species were maximum in 
abundance. According to Simpson index, less numbers of rare species were present at 
old groves as compared to restored site due to high diversity at old groves. Only 62% 
and 65% Coleopteran species were evenly distributed at old groves and restored site 
respectively. Coleopteran species showed 84% similarity at both sites.  
Hymenoptera showed high value of Shannon index at old groves suggesting the 
higher diversity at old groves as compared to restored site. Due to high diversity at old 
groves, it possessed more number of abundant species (N1=7) in which 6 insect 
species were maximum in abundance (Apis dorsata Fabricius, Apis florea Fabricius, 
Apis mellifera Linnaeus, Aenictus aratus Forel, Vespa crabo Linnaeus and Formica 
exsectoides Forel) while restored site consisted of only 6 abundant species out of 
which 5 insect species were maximum in abundance. On the basis of Simpson index, 
old groves consisted of less number of rare species due to high diversity as compared 
to restored site. Even distribution of Hymenoptera at old groves and restored site were 
65% and 70% respectively. The value of Sorensen index showed that 74% 
Hymenoptera species were similar on both old groves and restored site.  
High value of Shannon index for Orthoptera at old groves as compared to restored site 
indicated the more number of abundant species (N1=11) in which 8 species were 
maximum in abundance (Sphingonotus rubescens Saussure, Sphingonotus savignyi 
Saussure, Sphingonotus sp. 1, Pyrgomorpha conica, Pyrgomorpha sp. 1, Chrotogonus 
trachypterus Blanchard, Chrotogonus sp. 1  and Acrotylus insubricus Scopoli). At 
restored site the values of N1 and N2 were 7 and 6, respectively. Less value of 
Simpson index of old groves showed less number of rare species at old groves as 
compared to restored site. At old groves, 78% species of Orthoptera were evenly 
distributed while 88% Orthopteran species were evenly distributed at restored site. 
The value of Sorensen index showed that 60% Orthopteran species were similar at 
both sites. 
Higher value of Shannon index for Lepidoptera at old groves as compared to restored 
site showed more number of abundant species (N1=5) out of which 4 species were 
maximum in abundance (Colotis danae Fabricius, Eurema hecabe Linnaeus, Colotis 
amata Fabricius and Pieris brassicae Linnaeus) while at restored site 4 insect species 
were abundant in which 3 species showed their maximum abundance. Less value of  
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 Simpson index at old groves showed less number of rare species at old groves as 
compared to restored site due to higher diversity. At old groves 55% species of  
Lepidoptera were evenly distributed while at restored site the 56% species were 
evenly distributed. Similarity of Lepidopteran species was 80% for both sites.  
Table. 3.2: Comparison of insect diversity parameters for old groves and 
restored site for different orders (Average for three years).        
 Where, N1 = eH’ (where H’ is Shannon’s index),  N2 = 1/ (where  is Simpson’s 
index) 
In case of Diptera the high value of Shannon index at old groves showed higher 
diversity as compared to restored site. On the basis of Hill index 13 species were 
Order Community Richness Abundance Shannon 
diversity 
Index 
Simpson 
diversity 
Index 
Evenness N1 N2 Sorense
n 
Similar
ity 
Index 
Overall Old groves 136 13838 3.57 0.04 0.72 36 22     
0.717  Restored site 76 7650 3.21 0.06 0.65 25 16 
Coleoptera Old groves 22 3096 1.91 0.20 0.62 7 5      
0.842  Restored site 16 1733 1.80 0.21 0.65 6 5 
Hymenoptera Old groves 22 3697 2.02 0.17 0.65 7 6 0.743 
 Restored site 13 1785 1.81 0.18 0.70 6 5 
Collembola Old groves 1 10 0.00 1.00 - 1 1 - 
 Restored site 0 0 0.00 0.00 - - - 
Dermaptera Old groves 5 51 1.59 0.20 0.99 5 5 0.571 
 Restored site 2 13 0.66 0.52 0.96 2 2 
Dictyoptera Old groves 7 51 1.84 0.17 0.94 6 6 0.444 
 Restored site 2 17 0.69 0.50 0.99 2 2 
Diptera Old groves 16 257 2.60 0.08 0.93 13 11 0.720 
 Restored site 9 122 2.09 0.13 0.95 8 7 
Hemiptera Old groves 6 85 1.71 0.19 0.95 5 5 0.667 
 Restored site 3 33 0.99 0.39 0.90 3 2 
Homoptera Old groves 2 315 0.22 0.88 0.32 1 1 0.667 
 Restored site 1 179 0.00 1.00 - 1 1 
Isoptera Old groves 2 2257 0.69 0.50 0.99 2 2 1.000 
 Restored site 2 1902 0.69 0.50 0.99 2 2 
Lepidoptera Old groves 18 2169 1.59 0.27 0.55 5 4 0.800 
 Restored site 12 1142 1.41 0.31 0.56 4 3 
Neuroptera Old groves 4 95 1.25 0.30 0.90 3 3 0.667 
 Restored site 2 30 0.69 0.50 0.99 2 2 
Odonata Old groves 8 624 1.44 0.31 0.69 4 3 0.667 
 Restored site 4 241 1.02 0.42 0.73 3 2 
Orthoptera Old groves 21 1040 2.38 0.12 0.78 11 8 0.600 
 Restored site 9 418 1.94 0.16 0.88 7 6 
Thysanoptera Old groves 2 91 0.62 0.56 0.90 2 2 0.667 
 Restored site 1 35 0.00 1.00 - 1 1 
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abundant in which 11 species (Musca domestica Linnaeus, Chrysomyza demantata 
Fabricius, Antherigona soccata Rondani, Culex pipiens Linnaeus, Aedes albopictus 
Skuse, Chironomid sp. 1, Chironomid sp. 3, Agromyza sp and Calliphora vicina 
Linnaeus, Anopheles stephensi Liston and Calliphora sp) showed maximum 
abundance at old groves. At restored site only 8 species were abundant out of which 7 
species showed their maximum abundance. Less value of Simpson index at old groves 
indicated less number of rare species due to the higher diversity as compared to 
restored site. At old groves 93% species of Diptera were evenly distributed while at 
restored site the 95% Dipteran species were evenly distributed.  Dipteran showed 72% 
similarity between both sites.  
Due to high value of Shannon index at old groves for Odonata, there were more 
number of abundant species (N1=4) (Crocothemis Servilia Drury, Pantala flavescens 
Fabricius, Crocothemis erythraea Brulle and Crocothemis sp) as compared to restored 
site (N2=3). The values of N2 for old groves and restored site were 3 and 2, 
respectively. Due to high diversity of Odonata at old groves, it possessed less number 
of rare species as compared to restored site. Old groves had 69% species that were 
evenly distributed while restored site had 73% evenness. Both the sites showed 67% 
similarity for the species of Odonata. High value of Shannon index of Dictyoptera at 
old groves showed high diversity as compared to restored site. On the basis of Hill 
index 6 species of Dictyoptera were abundant at old groves and all these species 
showed their maximum abundance. Only 2 species of Dictyoptera were abundant at 
restored site and both the species showed their maximum abundance. Low value of 
Simpson index at old groves showed that old groves consisted of less number of rare 
species as compared to restored site due to high diversity at old groves. At old groves 
94% species of Dictyoptera were evenly distributed while at restored site the value of 
evenness was 99%. Similarity of Dictyopteran species was 44% for both sites. 
Neuroptera showed higher diversity and less number of rare species at old groves as 
compared to restored site due to high Shannon value and low Simpson index value. 
Due to high diversity at old groves, it possessed more number of abundant species 
(N1=3) and all these three species were maximum in abundance while restored site 
possessed 2 abundant species and these two species were also maximum in 
abundance. Due to high diversity at old groves, less numbers of rare species were 
present as compared to restored site which showed high rarity. Old groves showed 
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90% even distribution of Neuopteran species while restored site showed 99% even 
distribution. Both the sites showed 67% similarity index. Higher value of Shannon 
diversity at old groves for Dermaptera indicated that there were more number of 
abundant species (N1=5) as compared to restored site (N2=2). At old groves and 
restored site all these 5 and 2 species were maximum in abundance.  Low value of 
Simpson index at old groves showed less numbers of rare species as compared to 
restored site. Even distribution of Dermapteran species was 99% for old groves while 
96% species were evenly distributed at restored site. Similarity of Dermapteran 
species was 57% for both sites. Isoptera showed 100% similarity for both sites due to 
the similar species richness, so it had same value of Shannon index, Simpson index 
and evenness for both sites.  In case of Homoptera and Thysanoptera only 2 species 
were present at old groves while only one species was found at restored site so 
comparison of diversity analysis was not made. Collembola had only one species at 
old groves and was not found at the restored site so its diversity analysis was not 
possible. Isoptera showed equal diversity and highest similarity index (100%) 
between both sites while all other insect species showed significantly less diversity on 
restored site because it consists of young trees which are less in numbers so these 
insect species were still not well inhabited on the restored site (Table 3.2 and 3.3).  
Table. 3.3: Comparison of Shannon diversity index of old groves and restored 
site (Average for three years) 
Order Old groves Restored site t-
value 
P value 
 H Var(H) H Var(H)   
Overall 3.578 0.00012 3.218 0.00018 20.76 0.000 
Coleoptera 1.918 0.00043 1.802 0.00056 3.65 0.000 
Collembola 0.000 0.00000 0.000 - - - 
Dermaptera 1.595 0.00017 0.666 0.00254 17.85 0.000 
Dictyoptera 1.846 0.00310 0.691 0.00066 23.35 0.000 
Diptera 2.604 0.00137 2.095 0.00153 9.45 0.000 
Hemiptera 1.715 0.00155 0.994 0.00502 8.90 0.000 
Homoptera 0.228 0.00135 0.000 0.00000 6.19 0.000 
Hymenoptera 2.020 0.00027 1.818 0.00031 8.36 0.000 
Isoptera 0.692 0.00000 0.690 0.00000 1.00 0.157 
Lepidoptera 1.590 0.00054 1.414 0.00080 4.82 0.000 
Neuroptera 1.257 0.00207 0.691 0.00013 12.87 0.000 
Odonata 1.443 0.00139 1.025 0.00208 7.09 0.000 
Orthoptera 2.385 0.00091 1.940 0.00082 10.69 0.000 
Thysanoptera 0.626 0.00135 0.000 0.00000 17.05 0.000 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
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Species of Isoptera i.e., Microtermes obesi Holmgren and Odontotermes obesus 
Rambur are the major pests of plant species of thorn forest community (Parihar and 
Singh, 1993; Orwa et al., 2009). As a result of revegetation of restored site, the habitat 
became uniform with evenly spaced trees and homogenous ground cover that 
enhanced the development of one giant niche favorable for inhabitation by Isoptera 
(Crane, 2011). Dictyoptera showed lowest similarity index (44%). All the species of 
Dictyopterans (Blatella germanica Linnaeus, Blattid sp and Periplanata sp) are 
nocturnal and homes, kitchens and sewage systems are their natural habitats 
(Srinivasan et al., 2005; Fakoorziba et al., 2010). The reason of lower similarity index 
of Dictyopterans on the restored site could be the greater distance of Harappa village 
and residential area of Harappa archaeological site from it as compared to the old 
groves which are closer to residential areas and are more approachable to the insects. 
Collembolan (Springtails) was represented by a single species at old groves while it 
was completely absent at the restored site. Springtails are highly sensitive to 
desiccation and the climate of thorn forest community of Harappa is arid so this could 
be the reason of the presence of a single species on old groves and its absence on 
more open and exposed restored site. Moreover, springtails feed on dead decaying 
plant material (Zeppilini et al., 2009) and the reason from their absence from the 
restored site could be the presence of less leaf litter and mulch at that site. Cluster 
analysis indicated two main clusters on the basis of resemblance of species richness. 
Coleoptera, Lepidoptera, Orthoptera, Hymenoptera, Odonata and Diptera showed 
their close resemblance on the basis of number of species while Collembola, 
Homoptera, Dermaptera, Isoptera, Thysanoptera, Dictyoptera and Neuroptera showed 
their close resemblance on the basis of their number of species. First group had more 
number of species as compared to second group which had less number of species 
(Fig. 3.4).   
On the basis of results of current study it is evident that both the sites showed 72% 
similarity in the distribution of insect species of all orders after twelve years of 
restoration indicated that the old groves and restored site are strongly similar in 
distribution of insect fauna. It is further expected that with the increasing age and 
complexity of the restored community the vegetation cover will become denser, and 
this will provide more habitat and food resources to the associated insect species and 
will increase further insect diversity at the restored site 
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Fig. 3.4: Dendogram showing relationship of insect species richness in various 
orders in thorn forest community at Harappa 
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Chapter 4 
Insect-plant associations of plain thorn forest community at 
Harappa archaeological site 
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4.1 Introduction 
A diverse plant community supports a rich community of arthropods because the 
diversity of organisms in ecosystem indicates the stability, complexity and 
productivity of the ecosystem (Rieske and Buss, 2001). Plant-insect interactions are 
spatially and ecologically dynamic resulting in a complicated pattern of associations 
(Mitter et al., 1991; Thompson, 1994; Funk et al., 1995; Becerra and Venable, 1999 
and Mello and Silva-Filho, 2002). The presence or absence of insects is related to the 
distribution, diversity and abundance of the plants (Miller, 1993). Insects need a basic 
set of resources to survive. Many insects feed and live in the barks, trunks and the 
branches of trees (Merchant et al., 1914). Insect-plant interactions explain that insect 
species utilize plants for shelter, egg laying sites and food while plants provide these 
resources. These interactions are beneficial for both insects and plants by pollination 
and also harmful by the processes of parasitism and predation (Bernays, 1994).    
Thorn forest community of Harappa consists of main four plant speceis S. oleoides, P. 
cineraria, C. decidua and T. aphylla.  The dominant climax species, S. oleoides and 
P. cineraria occur on a wide range of soils and these two dominants are often present 
with C. decidua and T. aphylla.  S. oleoides is a tree having 6-9 m height in the 
favorable conditions. Its leaves are glaucous, linear or ovate-lanceolate. When the 
leaves of S oleoides are young, they become fleshy dark green and yellow. Its flowers 
are greenish white in colour. T. aphylla is evergreen fast growing tree having 
moderate size (18m high). Its leaves are bluish green and alternate. Its flowers are 
whitish-pink in colour, tiny and stalkless. P. cineraria is evergreen tree (6.5 m high) 
having glabrous leaves and yellow flowers. Flowers of P. cineraria are 
entomophilous in nature. C. decidua is a bushy shrub having leafless branches and 
pinkish flowers present in small groups. The characteristics of trees indicate that thorn 
forest species provide suitable habitat and resources for supporting diverse insect 
communities.  
 
The objective of this study was to, 
1. Find out the diversity of insects associated with plant species of thorn forest 
community present at Harappa site. 
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4.2 Materials and methods 
At each visit the collected insects were labeled that which insect was associated from 
which type of tree to find out the insect -plant associations. Sampling techniques and 
methodology were described in Chapter 3 in detail.  
4.3 RESULTS 
Highest number of insect species was found to be associated with C. decidua i.e., 115 
while 88 insect species were found to be associated with T. aphylla, 78 insect species 
with S. oleoides and 46 insect species were found to be associated with P. cineraria 
(Table 4.1). The detail of insect species belonging to various orders and families are 
represented in Appendix IV.  
Table 4.1: Insects-plants associations of thorn forest community at Harappa. 
 
Orders Plant species 
S. oleoides T. aphylla C. decidua P. cineraria 
Coleoptera 12 14 17 7 
Orthoptera 15 11 20 4 
Hymenoptera 10 18 20 8 
Lepidoptera 14 13 15 8 
Diptera 6 8 15 6 
Hemiptera 5 4 6 1 
Odonata 5 6 8 3 
Dermaptera 2 1 3 1 
Dictyoptera 2 4 3 1 
Neuroptera 2 3 4 2 
Homoptera 1 2 2 1 
Isoptera 2 2 0 2 
Thysanoptera 2 1 1 1 
Collembola 0 1 1 1 
TOTAL 78 88 115 46 
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4.3.1 Insects associated with Capparis decidua 
Highest number of insect species belonging to order Hymenoptera and Orthoptera 
were found to be associated with C. decidua while the insect species belonging to 
order Thysanoptera and Collembola were in minimum numbers. Not a single species 
of Isoptera was found to be associated with C. decidua (Table 4.1). 
A total of 20 insect species each of Hymenoptera and Orthoptera were found to be 
associated with C. decidua. The species of Hymenoptera belonging to family Apidae 
were Anthophora sp, Apis dorsata Fabricius, Apis florea Fabricius, Apis mellifera 
Linnaeus, Ceratina sp, Xylocopa pubescens Spinola. Family Braconidae of 
Hymenoptera consisted of Cotesia sp, Macrocentrus collaris Spinola, Microplistis 
demolitor Wilkinson, (Braconidae) Aenictus aratus Forel, Formica exsectoides Forel, 
Formica sp. Hymenopteran species belonging to family Ichneumonidae, Sphecidae 
and Tiphiidae were Netelia sp., Sceliphron  sp and Myzinum sp respectively. Insect 
species of Hymenoptera belonging to family Vespidae were Polistes flavus Cresson, 
Polistes metricus Say, Vespa crabo, Vespa orientalis Linnaeus and Vespa sp. 
 The species of Orthoptera belonging to family Acrididae were Acrida exaltata 
Walker, Acrotylus insubricus Scopoli, Aiolopus thalassinus Fabricius,  Aiolopus sp , 
Hieroglyphus sp,  Locusta migratoria,  Oxya velox Fabricius Sphingonotus rubescens 
Saussure, Sphingonotus savignyi Saussure, Sphingonotus sp. 1 and Sphingonotus sp. 
2. Orthopteran species of family Gryllidae were Acheta domestica Linnaeus and 
Gryllus bimaculatus DeGeer. Family Gryllotalpidae consisted of only one 
Orthopteran species i.e., Gryllotalpa orientalis Linnaeus. Orthopteran species 
belonging to family Pyrgomorphidae were Chrotogonus trachypterus Blanchard, 
Chrotogonus sp. 1, Chrotogonus sp. 2, Pyrgomorpha conica, Pyrgomorpha sp. 1 and 
Atractomorpha crenulata Fabricius. 
Coleoptera consisted of 17 species which were found to be associated with C. 
decidua. Coleopteran species belonging to families Anthicidae, Chrysomelidae and 
Cicindelidae were Anthicus sp, Phyllotreta sp and Cicindela repanda Dejean. Family 
Carabidae of Coleoptera consisted of Calosoma maderae Fabricius, Calosoma sp, 
Chlaenius bimaculatus Dejean and Pterostichus sp. coleopteran species belonging to 
family  Coccinellidae were Coccinella septempunctata Linnaeus, Coccinella 
transversalis  and Menochilus sexmaculatus Fabricius. Coleopteran species belonging 
to family Curculionidae, Scarabaeidae, Staphylinidae were Myllocerus undatus 
Marshall, Onthophagus gazelle Fabricius and Paederus fuscipes Curtis. Family 
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Tenebrionida of Coleoptera was Adesmia sp, Cryphaeus gazella Fabricius, Pimelia 
indica Senac and Pimelia sp.  
Fifteen species each of Diptera and Lepidoptera were found to be associated with C. 
decidua. The species of Diptera belonging to family Agromyzidae and Otitidae were 
Agromyza sp and Chrysomyza demantata Fabricius. Species belonging to family 
Calliphoridae of Diptera consisted of Calliphora vicina Linnaeus and Calliphora sp.  
Dipteran species belonging to family Chironomidae were Chironomid sp. 1, 
Chironomid sp. 2 and Chironomid sp. 3. Dipteran species of family Culicidae were 
Aedes albopictus Skuse, Anopheles stephensi Liston, Culex pipiens Linnaeus, Culex 
quinquefasciatus Say and Culex tarsalis Coquillett. Dipteran species belonging to 
family Muscidae were Antherigona soccata Rondani, Antherigona sp and Musca 
domestica Linnaeus.  
Lepidopteran species belonging to family Pieridae were Colotis amata Fabricius, 
Colotis danae Fabricius, Eurema hecabe Linnaeus and Pieris brassicae Linnaeus. 
Family Arctidae, Lycaenidae and Nymphalidae were Utethesia pulchella Linnaeus 
and Zizeeria Karsandra Moore and Danaus chrysippus Linnaeus respectively. 
Lepidopteran species belonging to family Crambidae were Diaphania indica 
Saunders and Spoladea recurvalis Fabricius. Members of family Nocutidae of 
Lepidoptera were Agrotis ipsilon Hufnagel, Earias insulana Boisduval, Earias vitella 
Fabricius, Helicoverpa armigera Hubner, Spodoptera exigua Hubner and Spodoptera 
litura Fabricius.   
Only 8 species belonging to Odonata  i.e., Ishnura forcipata Morton of family 
Coenagrionidae and Crocothemis erythraea Brulle, Crocothemis Servilia Drury,  
Crocothemis sp, Orthetrum anceps Schneider, Orthetrum pruinosum neglectum 
Rambur, Orthetrum sabina Drury, Pantala flavescens Fabricius  belonging to family 
Libellulidae were found to be associated with C.decidua.  
Only six species belonging to order Hemiptera i.e., Creontiades pallidus Ramber of 
family Miridae, Physopelta gutta Burmeister of family Largidae and Bagrada hilaris 
Burmeister, Eocanthecona furcellata Wolff,  Nezara viridula Linnaeus , Nezara sp of 
family Pentatomidae were  found to be associated with C. decidua. In case of 
Neuroptera, only 4 species were found to be associated with C. decidua. Neuropteran 
species belongimg to family Ascalaphidae were Ogcogaster tessellata Westwood and 
Osmylus nubeculosus Navas. Species belonging to family Chrysopidae and 
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Myrmeleontidae of Neuroptera were Chrysoperla carnea Stephens and Dendroleon 
sp, respectively.  
Only 3 species each belonging to order Dermaptera and Dictyoptera were found to be 
associated with C. decidua. The species of Dermaptera belonging to family 
Forficulidae were Forficula auricularia Linnaeus and Forficula sp. Dermapteran 
species belonging to family Labiduridae was Labidura riparia Pallas. 
The species of Dictyoptera belonging to family Blatellidae were Blatella sp.1 and 
Blatella sp. 2 while family Blatteidae consisted of only one species i.e., Periplanata 
sp.1.  
Cicadellid sp and Cicadulina bipunctella Matsumura of family Cicadellidae of 
Homoptera were found to be associated with C. decidua.  
In order Thysanoptera, family Thripidae consisted of Thrips sp. Species belonging to 
family Entomobryidae of Collembolla consisted of Entomobrya sp (Table 4.1). 
4.3.2 Insects associated with Tamarix aphylla 
Maximum numbers of insect species of Hymenoptera were found to be associated 
with T. aphylla while minimum number of insect species belonging to order 
Dermaptera, Thysanoptera and Collembola were associated with T. aphylla. 
 A total of 18 species of Hymenoptera were found to be associated with T. aphylla. 
The species of Hymenoptera belonging to Family Apidae were Anthophora sp, Apis 
dorsata Fabricius, Apis florea Fabricius, Apis mellifera Linnaeus, Ceratina  sp and 
Xylocopa pubescens Spinola. Hymenopteran species belonging to family Braconidae 
were Cotesia sp, Macrocentrus collaris Spinola and Microplistis demolitor 
Wilkinson. Species belonging to family Formicidae of Hymenoptera were Aenictus 
aratus Forel and Formica exsectoides Forel. Hymenopteran species belonging to 
family Ichneumonidae, Sphecidae and Tiphiidae were Netelia sp, Sceliphron sp and 
Myzinum sp. The species of Hymenoptera belonging to family Vespidae was Polistes 
flavus Cresson, Polistes sp. 1, Vespa crabo Linnaeus and Vespa orientalis Linnaeus. 
Fourteen species of Coleoptera were found to be associated with T. apylla. 
Coleopteran species belonging to family Anthicidae, Cicindelidae, Scarabaeidae and 
Staphylinidae were Anthicus sp, Cicindela undulata Dejean and Onthophagus gazelle 
Fabricius and Staphylinus xanthocephalus Kratz, respectively. Species belonging to 
family Carabidae of Coleoptera consisted of Calosoma maderae Fabricius, Chlaenius 
bimaculatus Dejean and Pterostichus sp. Coleopteran species belonging to family 
Coccinellidae consisted of Coccinella septempunctata Linnaeus and Menochilus 
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sexmaculatus Fabricius. Coleopteran species belonging to family Tenebrionidae were 
Adesmia sp, Cryphaeus gazella Fabricius, Pimelia indica Senac and Pimelia sp. 
Order Lepidoptera had 13 species which were found to be associated with T. aphylla. 
The species of Lepidoptera belonging to families Arctidae, Crambidae, Lycaenidae, 
Nymphalidae and Papilionidae were Utethesia pulchella Linnaeus, Spoladea 
recurvalis Fabricius, Zizeeria Karsandra Moore, Danaus chrysippus Linnaeus and 
Papilio polytes Linnaeus, respectively. Lepidopteran species belonging to family 
Noctuidae were Agrotis ipsilon Hufnagel, Earias insulana Boisduval, Spodoptera 
exigua Hubner and Spodoptera litura Fabricius. Species of Lepidoptera belonging to 
family Pieridae were Colotis amata Fabricius, Colotis danae Fabricius, Eurema 
hecabe Linnaeus and Pieris brassicae Linnaeus. 
Eleven species of Orthoptera were found to be associated with T. aphylla. The species 
of Orthoptera belonging to family Acrididae were Acrida exaltata Walker, Acrotylus 
insubricus Scopoli, Aiolopus sp , Hieroglyphus sp,  Locusta migratoria, Oxya velox 
Fabricius Sphingonotus rubescens Saussure, Sphingonotus savignyi Saussure and 
Sphingonotus sp. 1. Orthopteran species belonging to family Pyrgomorphidae were 
Chrotogonus trachypterus Blanchard and Pyrgomorpha conica.  
Dipterans had 8 species which were found to be associated with T. aphylla. Dipteran 
species belonging to family Calliphoridae were Calliphora vicina Linnaeus and 
Calliphora sp. Species of Diptera belonging to family Chironomidae and Otitidae 
were Chironomid sp. 3 and Chrysomyza demantata Fabricius. Dipteran species 
belonging to family Culicidae were Aedes albopictus Skuse and Culex tarsalis 
Coquillett while family Muscidae consisted of Antherigona sp and Musca domestica 
Linnaeus.   
Only 4 species of Hemiptera and Dictyoptera showed association with T. aphylla. The 
species of Hemiptera belonging to family Largidae were Physopelta gutta Burmeister 
and family Pentatomidae consisted of Eocanthecona furcellata Wolff, Nezara viridula 
Linnaeus and Nezara sp.  
The species of Dictyoptera belonging to family Blatellidae were Blatella germanica 
Linnaeus, Blatella sp. 1 and Blatella sp. 2 and family Blattidae consisted of only one 
species i.e., Periplanata sp. 2.   
In case of Neuroptera, only 3 species showed association with T.aphylla. Species of 
Neuroptera belonging to family Ascalaphidae, Chrysopidae and Myrmeleontidae were 
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Osmylus nubeculosus Navas, Chrysoperla carnea Stephens and Dendroleon sp, 
respectively. 
Only 2 species each of Homoptera and Isoptera were found to be associated with T. 
aphylla. The species of Homoptera belonging to family Cicadellidae were Cicadellid 
sp and Cicadulina bipunctella Matsumura while the species of Isoptera belonging to 
family Termitidae were Microtermes obesi Holmgren and Odontotermes obesus 
Rambur. 
Orders Thysanoptera, Dermaptera and Collembolla had only 1 species found to be 
associated with T. aphylla. Thysanopteran species belonging to family 
Phlaeothripidae was Haplothrips sp. Dermapteran species belonging to family 
Forficulidae was Forficula auricularia Linnaeus. Collembolan species belonging to 
family Entomobryidae was Entomobrya sp. 
4.3.3 Insects associated with Salvadora oleoides 
 
Maximum number of species of Orthoptera (15) while minimum number of species of 
Homoptera (1) showed its association with S. oleoides. Not a single species of 
Collembola was found to be associated with S. oleoides.  
Species of Orthoptera belonging to family Acrididae found to be associated with S. 
oleoides were Acrida exaltata Walker, Acrotylus insubricus Scopoli, Aiolopus sp , 
Locusta migratoria,  Oxya velox Fabricius, Sphingonotus rubescens Saussure, 
Sphingonotus savignyi Saussure, Sphingonotus sp. 1, Sphingonotus sp. 2. Species 
belonging to family Gryllidae of Othoptera consisted of Acheta domestica Linnaeus 
and Gryllus bimaculatus DeGeer. Family Gryllotalpidae of Orthoptera consisted of 
only one species i.e., Gryllotalpa orientalis Linnaeus. Orthopteran species belonging 
to family Pyrgomorphidae were Chrotogonus trachypterus Blanchard, Chrotogonus 
sp. 1 and Pyrgomorpha conica. 
 In case of Lepidoptera, 14 species were found to be associated S. oleoides. 
Lepidopteran species belonging to families Arctidae, Crambidae, Lycaenidae, 
Nymphalidae and Papilionidae were Utethesia pulchella Linnaeus, Spoladea 
recurvalis Fabricius, Zizeeria Karsandra Moore, Danaus chrysippus Linnaeus and 
Papilio polytes, respectively.  Species belonging to family Nocutidae of Lepidoptera 
consisted of Agrotis ipsilon Hufnagel, Agrotis segetum Denis & Schiffermueller, 
Earias insulana Boisduval, Helicoverpa armigera Hubner and Spodoptera exigua 
Hubner. Lepidopteran species belonging to family Pieridae were Colotis amata 
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Fabricius, Colotis danae Fabricius, Eurema hecabe Linnaeus and Pieris brassicae 
Linnaeus. 
The species of Coleoptera which were found to be associated with S. oleoides were 12 
in numbers. Coleopteran species belonging to families Carabidae, Chrysomelidae, 
Cicindelidae, Coccinellidae, Geotrupidae and Scarabaeidae were Chlaenius 
bimaculatus Dejean, Phyllotreta sp, Cicindela repanda Dejean, Coccinella 
septempunctata Linnaeus, Geotrupes orientalis Westwood and Onthophagus gazelle 
Fabricius, respectively. Family Curculionidae of Coleoptera consisted of Myllocerus 
discolor Bohieman and Tanymecus indicus Faust. Coleopteran species belonging to 
family Tenebrionidae were Adesmia sp, Cryphaeus gazella Fabricius, Pimelia indica 
Senac and Pimelia sp. 
Hymenoptera consisted of 10 species which were found to be associated with S. 
oleoides. Hymenopteran species belonging to family Apidae were Apis dorsata 
Fabricius, Apis florea Fabricius and Apis mellifera Linnaeus. Family Braconidae of 
Hymenoptera consisted of Cotesia sp, Macrocentrus collaris Spinola, Microplistis 
demolitor Wilkinson and Microplistis sp. Hymenopteran species belonging to family 
Formicidae were Aenictus aratus Forel and Formica exsectoides Forel while family 
Vespidae consisted of Polistes flavus Cresson, Polistes sp. 1 and Polistes metricus 
Say. 
Species of Diptera which were found to be associated with S. oleoides were 6 in 
numbers. Dipteran species belonging to families Calliphoridae, Chironomidae and 
Culicidae were Calliphora sp, Chironomid sp. 2 and Culex quinquefasciatus Say, 
respectively. Species belonging to family Muscidae of Diptera consisted of 
Antherigona sp and Musca domestica Linnaeus. 
 Only 5 species each of Odonata and Hemiptera were found to be associated with S. 
oleoides. Odonata species belonging to family Libellulidae were Crocothemis 
erythraea Brulle, Crocothemis Servilia Drury, Orthetrum anceps Schneider and 
Pantala flavescens Fabricius. Only one odonata species belonging to family 
Coenagrionidae was found to be associated with S. oleoides i.e., Ishnura forcipata 
Morton.   
Hemipteran species belonging to families Miridae and Largidae were Creontiades 
pallidus Ramber and Physopelta gutta Burmeister, respectively. Species of Hemiptera 
belonging to family Pentatomidae consisted of Bagrada hilaris Burmeister, Nezara 
viridula Linnaeus and Nezara sp.  
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Only 2 species each of orders Dermaptera, Dictyoptera, Isoptera, Neuroptera and 
Thysanoptera were found to be associated with S. oleoides. Species of Dermaptera 
belonging to families Labiduridae and Labiidae were Labidura sp and Labia minor 
Linnaeus, respectively. Dictyopteran species belonging to families Blatellidae and  
Blattidae were Blatella germanica Linnaeus and Blattid sp. 2,  respectively. Species 
of Isoptera belonging to family Termitidae were Microtermes obesi Holmgren and 
Odontotermes obesus Rambur. Neuropteran species belonging to family Ascalaphidae 
consisted of Ogcogaster tessellata Westwood and Osmylus nubeculosus Navas. 
Species of Neuroptera belonging to family Phlaeothripidae consisted of Haplothrips 
sp while family Thripidae consisted of Thrips sp. Only one species of Homoptera 
Cicadulina bipunctella Matsumura of family Cicadellidae was found to be associated 
with S. oleoides.  
4.3.4 Insects associated with Prosopis cineraria 
Maximum number of insect species belonging to orders Hymenoptera and 
Lepidoptera while minimum number of insect species belonging to orders Hemiptera, 
Dermaptera, Dictyoptera, Homoptera and Thysanoptera were found to be associated 
with P. cineraria. 
A total of 8 insect species each belonging to order Hymenoptera and Lepidoptera 
were found to be associated with P. cineraria. The species of Hymenoptera belonging 
to family Apidae were Apis dorsata Fabricius, Apis florea Fabricius and Apis 
mellifera Linnaeus. Species belonging to family Formicidae of Hymenoptera 
consisted of Aenictus aratus Forel and Formica exsectoides Forel. Hymenopteran 
species belonging to family Vespidae were Polistes flavus Cresson, Polistes sp. 1 and 
Vespa orientalis Linnaeus.  
Lepidopteran species belonging to Nocutidae were Earias vitella Fabricius, 
Spodoptera litura Fabricius and Helicoverpa armigera Hubner. Family Pieridae of 
Lepidoptera consisted of Colotis amata Fabricius, Colotis danae Fabricius, Eurema 
hecabe Linnaeus and Pieris brassicae Linnaeus. Family Papilionidae of Lepidoptera 
was represented by only one species i.e., Papilio demoleus Linnaeus. 
Only 7 species of Coleoptera were found to be associated with P. cineraria. 
Coleopteran species belonging to family Coccinellidae were Coccinella 
septempunctata Linnaeus and Menochilus sexmaculatus Fabricius. Only one species 
belonging to family Scarabaeidae of Coleoptera was found to be associated with P. 
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cineraria i.e., Onthophagus gazelle Fabricius. Coleopteran species belonging to 
family Tenebrionida were Adesmia sp, Cryphaeus gazella Fabricius, Pimelia indica 
and Pimelia sp. 
 Only 4 and 3 insect species belonging to orders Orthoptera and Odonata respectively 
were found to be associated with P. cineraria. The species of Orthoptera belonging to 
family Acrididae associated with P. cineraria were Sphingonotus rubescens Saussure 
and Sphingonotus sp. 2. Species belonging to family Pyrgomorphidae of Orthoptera 
consisted of Chrotogonus trachypterus Blanchard and Poekilocerus pictus Fabricius. 
Species of Odonata belonging to family Libellulidae associated with P. cineraria 
were Crocothemis sp, Orthetrum anceps Schneider and Pantala flavescens Fabricius. 
In case of Neuroptera, family Chrysopidae and Myrmeleontidae consisted of 
Chrysoperla carnea Stephens and Dendroleon sp. 
Species of Isoptera belonging to family Termitidae i.e., Microtermes obesi Holmgren 
and Odontotermes obesus Rambur were found to be associated with P. cineraria. 
Species of Collembola belonging to family Entomobryidae was Entomobrya sp. 
Dermapteran species belonging to family Forficulidae consisted of Forficula 
auricularia Linnaeus. Dictyopteran species belonging to family Blattidae consisted of 
Blattid sp. 1. Species of Hemiptera belonging to family Pentatomidae was Nezara sp. 
Homopteran species belonging to family Cicadellidae was Cicadulina bipunctella 
Matsumura. Thysanopteran species belonging to family Thripidae was represented by 
only one species i.e., Thrips sp.   
4.3.5 Cluster Analysis  
Figures 4.1 and 4.2 show the similarity of insect-plant associations of all orders of 
insects of thorn forest community at Harappa and of individual orders, respectively.  
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All Groups
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
6.5 7.0 7.5 8.0 8.5 9.0
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
Fig 4.1: Dendogram showing relationship of insect-plant associations of all insect 
orders of thorn forest community at Harappa 
Cluster analysis revealed the association of similar insect species with S. oleoides and 
P. cineraria while C. decidua and T. aphylla had dissimilar insect-plant associations 
(Fig. 4.1). Hymenoptera, Dictyoptera and Diptera showed two clusters in which S. 
oleoides and P. cineraria while C. decidua and T. aphylla showed similar insect-plant 
associations (Fig. 4.2 a,b & c). 
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Order=Hymanoptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
 
4.2 (a) 
Fig 4.2 a: Dendogram showing relationship of insect-plant associations order 
Hymenoptera of thorn forest community at Harappa. 
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Order=Dictyoptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
Fig 4.2 b: Dendogram showing relationship of insect-plant associations order 
Dictyoptera of thorn forest community at Harappa. 
 
Order=Diptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
Fig 4.2 c: Dendogram showing relationship of insect-plant associations order 
Diptera of thorn forest community at Harappa. 
Isoptera, Thysanoptera Homoptera and Coleoptera showed similar insect-plant 
associations between S. oleoides and P. cineraria while C. decidua and T. aphylla had 
dissimilar insect-plant associations (Fig. 4.1 d & e). Hemipterans showed two groups 
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of insect-plat associations in which S. oleoides and C. decidua while T. aphylla and P. 
cineraria showed similar insect-plant associations (Fig.4.2 f). Cluster analysis showed 
that Lepidopteran species had similar insect-plant associations between S. oleoides 
and T. aphylla while C. decidua and P. cineraria had dissimilar associations (Fig. 
4.2g). In case of Neuroptera and Odonata, T. aphylla and C. decidua showed similar 
insect plant associations while S. oleoides and P. cineraria showed dissimilar insect 
plant associations (Fig. 4.2 h & i). Orthopterans species showed similar insect-plant 
associations between S. oleoides and C. decidua while T. aphylla and P. cineraria 
showed different insect-plant associations (Fig. 4.2j). 
4.4 Discussion 
This study showed that insect species richness present on the four plant species at 
Harappa site is of the order of 
C. decidua > T. aphylla > S. oleoides > P. cineraria 
From the total insect species found with thorn forest community, 37% insect species 
were found to be associated with C. decidua, 25% with T. aphylla, 24% with S. 
oleoides while only 15% insect species were found to be associated with P. cineraria. 
Highest numbers of insect species were found to be associated with C. decidua that is 
a part of sub climax community and a small shrub which is branched and leafless 
(Khan 1994). The flowers of C. decidua are conspicuous and are pink in colour 
having red veined petals and present in groups along the leafless shoot in axils of 
spines. These flowers are attractive to insects and are prominent because of the 
leafless nature of C. decidua. These characteristics show that C. decidua is insect-
pollinated plant so at the time of blooming large number of insects thrive over it 
(Singh and Singh, 2010). This could be the reason of maximum association of 
Hymenoptera with C. decidua. Orthoptera also showed maximum associations with 
C. decidua because it has shruby nature so grasses grow at its base. These grasses 
provide food and shelter to Orthpteran species. Not a single species of Isoptera was 
found to be associated with C. decidua showing that it tolerates the attack of termites 
(Orwa et al. 2009; Upadhyay et al., 2010).  Tamarix has purplish brown smooth 
branches and its flowers are tiny, delicate, whitish pink in colour so are less attracted 
by insects. It consisted of highest number of species belonging to order Hymenoptera 
because it provides source of pollen for bees (Ditomaso 2003; Mcdaniel et al., 2004). 
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The flowers of S. oleoides are small greenish white and have less attraction for 
insects. Orthoptera and Lepidoptera were in highest numbers associated with S. 
oleoides that forms a dense crown which provides shelter to both Orthopteran and 
Lepidopteran species and food for butterflies. Least number of insect species were 
found to be associated with P. cineraria because of its lowest numbers on the site as 
only six mature trees of P. cineraria are present on old groves while restored site has 
all young trees which have not started flowering  profusely yet so are less attracted by 
insects. This could be the reason of minimum numbers of insects associated with P. 
cineraria. Hymenoptera and Lepidopetera were the most abundant species associated 
with P. cineraria due to its attractive yellow flowers (Parihar and Vir, 1993; Gorain et 
al., 2013).  
Cluster analysis revealed that all insect orders collectively show similar insect-plant 
associations between the climax species of thorn forest community, S. oleoides and P. 
cineraria. This trend is followed by all the major insect orders as well i.e., 
Hymenoptera, Dictyoptera and Diptera, Isoptera, Thysanoptera, Homoptera and 
Coleoptera. All orders collectively and orders Neuroptera, Hymenoptera, Dictyoptera, 
Diptera and Odonata individually, showed similar insect-plant associations between 
sub-climax species of thorn forest community i.e., C. decidua and T. aphylla. The 
reasons for having similar insect-plant associations between the climax species 
members and sub-climax species members of the thorn forest community could be 
their long history of co-evolution and adaptation (Khan, 2009) that resulted in sharing 
of common insect species. Cluster analysis showed that Lepidopteran species have 
similar insect-plant associations between S. oleoides and T. aphylla while C. decidua 
and P. cineraria had dissimilar associations. The reason for having similar 
lepidopteran insects association between one climax community member (S. oleoides) 
and a sub-climax community member (T. aphylla) could be that these two tree species 
are in greater abundance at the Harappa site so they form major association there and 
the trees of other member of climax association i.e., P. cineraria are very few in 
numbers. Orthopterans species showed similar insect-plant associations between S. 
oleoides and C. decidua due to dense crown of S. oleoides providing shelter to them 
and presence of herbs and grasses under C. decidua that provide both food and shelter 
to Orthopterans. 
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(d)
Order=Thys+Homop+Isopt
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
 
 
 
 
(e)                 
Order=Coleoptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4
Linkage Distance
Capparis decidua
Tamarix aphylla
Prosopis cineraria
Salvadora oleoides
 
Fig 4.2 d & e: Dendogram showing relationship of insect-plant associations 
orders Thysanoptera, Homoptera, Isoptera and Coleoptera of thorn forest 
community at Harappa. 
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Order=Hemiptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Linkage Distance
Prosopis cineraria
Tamarix aphylla
Capparis decidua
Salvadora oleoides
 
 
Fig 4.2 f: Dendogram showing relationship of insect-plant associations order 
Hemiptera of thorn forest community at Harappa. 
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Order=Lepidoptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
1.5 2.0 2.5 3.0 3.5 4.0
Linkage Distance
Prosopis cineraria
Capparis decidua
Tamarix aphylla
Salvadora oleoides
 
 
Fig 4.2 g: Dendogram showing relationship of insect-plant associations order 
Lepidopteraof thorn forest community at Harappa. 
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(h)
Order=Neuroptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Linkage Distance
Prosopis cineraria
Capparis decidua
Tamarix aphylla
Salvadora oleoides
 
 
Order=Odonata
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
Linkage Distance
Prosopis cineraria
Capparis decidua
Tamarix aphylla
Salvadora oleoides
 
                                         (i) 
Fig 4.2 h & i: Dendogram showing relationship of insect-plant associations 
orders Neuroptera and Odonata of thorn forest community at Harappa. 
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Order=Orthoptera
Tree Diagram for 4   Variables
Ward`s method
Euclidean distances
2.0 2.5 3.0 3.5 4.0 4.5
Linkage Distance
Prosopis cineraria
Tamarix aphylla
Capparis decidua
Salvadora oleoides
 
Fig 4.2j: Dendogram showing relationship of insect-plant associations orders 
Odonata and Orthopteraof thorn forest community at Harappa. 
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Chapter 5  
 
 
Diversity of trophic guilds of thorn forest community at 
Harappa archaeological site 
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5.1 Introduction 
Ecological restoration help in providing suitable habitat for variety of species, create 
desired aesthetic qualities or recreational opportunities of an environment as well as 
restoring a historic ecosystem. Biodiversity restoration is important due to its vital 
role in ecosystem processes and functions. Due to loss of species diversity, some 
important ecosystem functions can be changed. These ecosystem functions are the 
maintenance of hydrological and biogeochemical cycles, decomposition, climate 
control, pollination and pest management (Burkalter, 2010). Insect communities have 
a diverse range of niches due to their diverse feeding habits i.e., plant herbivores, 
predators, scavengers and microhabitat requirements (Barkley, 2009). Insects are the 
major decomposers of the non-living tissue such as leaf litter, wood and faeces. 
Insects act as the regulators of ecosystem processes by consumption of living tissue. 
The consumption of foliage of an ecosystem by the insect herbivores has great impact 
on the nutrient cycling and productivity of the plant communities (Hunter, 2001). 
Insects also play a vital role as predators in ecosystem. Predacious insects consume 
other prey in different phases of development. Some predators e.g., Syrphid flies are 
predaceous only as larvae. Some predator insects are predaceous as immature and 
adult (Henn et al., 2009).  Some insects act as biological predators by eating other 
insects and provide a natural control of pests in farms and garden.  Flowering plants 
are attracted by many predators from where they get nectar and pollen which help to 
increase in their life span and laying eggs. Most of the insect herbivores are very 
selective in their food as they are leaf chewers, leaf miners, sap suckers, stem borers 
and gall makers but some insects are polyphagous and they consume all the parts of 
the host plant like grasshoppers and armyworms. Pollinating insects play an important 
role in the maintenance of natural plant communities. Functional diversity means that 
within a community differences in function among species (Tilman, 2001). Functional 
diversity can be measured by the composition and number of the different trophic 
guilds which make a community. A guild can be defined as a group of species that 
utilize environmental resources in a similar fashion (Simberloff, 1991). Guilds study 
help researchers by giving a broad perspective on the trophic dynamics of a 
community. This study also provides information about successional development of 
community and by comparing it to a well-established reference site. Researchers 
examine the fuctional degradation of community by knowing the composition and 
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number of various trophic guilds. Because some species are functionally redundant 
within a community and some species are going to be locally extinct by creating little 
effect on ecosystem processes and functions. Significant effects on ecosystem 
processes and functions can be observed, if the species play different functions 
significantly within a community (Burkhalter 2010).  
The aim of the present work was to compare the insect trophic guilds between old 
groves and the restored site of the thorn forest community at Harappa and to know the 
potential of the restored site to support various insect trophic guilds. Old groves 
provide dense cover of thorn forest species to insect trophic guilds as compared to 12-
years restored community so it was hypothesized that old groves have more diversity 
of insect trophic guilds as compared to restored site. The objective of the present 
study was to 
1. Find out the guild structure of the thorn forest community at Harappa 
archaeological site. 
2. Measure the difference between the guild structure of old groves and the 
retored site. 
5.2 Materials and Methods 
Insects were collected from thorn forest community by different sampling techniques 
and methods described in section 3.2 in detail. These collected insects were assigned 
to trophic guilds with the help of field observations and available literature (CSIRO, 
1991; Moursi et al., 2001; Triplehorn and Johnson, 2005, Edirisinghe and 
Bambaradeniya, 2006, Vanderwal et al., 2006). Diversity analysis of trophic guilds 
was carried out by Shannon diversity index, Simpson diversity index, Hill diversity 
numbers and Sorensen similarity index as given in section 3.2.4 in detail.  
5.3 Results  
Diversity analysis of insect trophic guilds is represented in Table 5.2. 
In the present study, Harappa site possessed a high diversity of insects which were 
categorized into functional guilds based on their role in the ecosystem. The five major 
insect trophic guild categories identified were as follows: 
1. Herbivores,  
2. Predators 
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3. Pollinators 
4. Scavengers 
5. Visitors (insects which just visit the ecosystem for various purposes) 
6. Pests.  
A list of insect trophic guilds was given in Table 5.1.  The present study showed that 
on the basis of insect trophic guilds species richness, old groves consisted of highest 
diversity of Predators with 38 insect species followed by Visitors (33), Scavengers 
(29), Herbivores (22), Pollinators (17) and Pests (8). Similar trend was followed at the 
restored site where Predators were the most diverse trophic guild with 20 insect 
species followed by Visitors (15), Scavengers (16), Pollinators (14), Herbivores (14) 
and Pests (5). 
On the basis of insect trophic guild species abundance, Pollinators were most diverse 
insect trophic guild at old groves with 4491 insect individuals followed by Scavengers 
(3909), Herbivores (3038), Pests (2704), Predators (2373) and Visitors (384). At 
restored site Pollinators were most abundant insect trophic guild with 2325 insect 
individuals followed by Scavengers (2112), Herbivores (1516), Pests (2133), 
Predators (1018) and Visitors (127) (Figs. 5.1 & 5.2) 
 
 
 
 
Fig. 5.1: Insect species rischness belonging to various trophic guilds associated 
with thorn forest community at Harappa  
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Fig. 5.2: Insect species abundance belonging to various trophic guilds associated 
with thorn forest community at Harappa  
Visitors showed highest value of Shannon index at old groves (3.40) and at restored 
site (2.58) (Table 5.2) while Pests showed lowest value of Shannon index at both sites 
i.e., 1.21 for old groves and 1.03 for restored site. At both old groves and restored site, 
Visitors showed highest value of evenness (0.97, 0.95) while Pests showed lowest 
value of Evenness (0.58, 0.64) respectively. Pollinators showed highest value of 
Sorensen similarity index (0.903) between two sites while Visitors showed lowest 
value of Sorensen similarity index (0.625). On the basis of comparison of diversity of 
Shannon indices, the diversity of all trophic guilds was significantly less at restored 
site as compared to old groves (Table 5.3).  
5.4 Discussion 
The current study indicated that Visitors showed high value of Shannon index 
showing their greater diversity at old groves as compared to restored site. Due to high 
value of Shannon index at old groves, there were more number of abundant species 
(N1=30) in which 28 species were maximum in abundance as compared to restored 
site where 13 Visitors were abundant out of which 12 species were maximum in 
abundance. According to Simpson index, less numbers of rare species were present at 
old groves as compared to restored site due to high diversity at old groves. Majority of 
the Visitors 97% and 95% were evenly distributed at old groves and restored site, 
respectively. Visitors showed 63% similarity at both sites. Beetles belonging to family 
Curculionidae (M. discolor and M. undatus and T. indicus) are the pests of cotton and 
wheat crop (Hashmi, 1994; O Brein et al., 2006 and Geetha et al., 2013). 
Hymenopteran species belonging to family Braconidae and Ichneumonidae are 
0
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parasitic wasps. Around the site, there are agricultural fields mainly of wheat, cotton, 
maize and sugarcane so these parasitic wasps from these agricultural fields come to 
visit the site. Braconid wasps parasitize the larvae of Lepidoptera, Coleoptera and 
Diptera (Lewis and Whitfield, 1999). Macrocentrus collaris (Braconidae) parasitize 
Agrotis segetum, Agrotis ipsilon and Mythimna separata (Mohyuddin and Shah, 
1977). Microplistis demolitor (Braconidae)  and Netelia sp (Ichneumonidae) 
parasitize the Helicoverpa armigera caterpillar (Broadley, 1984; Iqbal and 
Mohyuddin, 1990; Seymour and Jones, 2000; DPI&F, 2005). Moths belonging to 
family Nocutidae are the agricultural pests of wheat, cotton, maize and sugarcane. 
They came from the nearby cultivated fields due to attraction of light because light 
traps were installed for capturing of insects (Macleod, 2002; Zahoor et al., 2003). 
Hemipteran species belonging to family Miridae C. pallidus is pest of cotton (Stam, 
1987 and Hashmi, 1994) so this species come from nearby cotton fields of Harappa. 
Hemipteran species belonging to family Pentamididae Nezara viridula is the pest of 
vegetables and also present in gardens and their eggs and nymphs are attacked by 
coccinellids and ants (Abudulai, 2004). Moths belonging to family Crambidae (S.  
recurvalis and D. indica) are the pests of vegetables (Sharma and Ramamurthy, 2005; 
Kumar et al., 2013). Diaphania indica is polyphagous pest particulary on cucurbits. 
Its larvae mainly attack on leaves but also infest flowers and fruits and cause serious 
damage (Ganga, 2005; Hosseinzade et al., 2014). Hawaiin beet webworm (S. 
recurvalis) feed mainly on plants of Chenopodiaceae and also present in gardens.  
This webworm also attack on vegetable crops (beet, chard, spinach and sugarbeet) and 
is parasitized by insect species belonging to family Braconidae (Cotesia sp) and 
Ichneumonidae (Capinara, 2001; 
http://www.butterfliesandmoths.org/species/Spoladea-recurvalis ).  Insects of family 
Culicidae and Agromyzidae come from nearby Harappa town and associated garden 
of Harappa archaeological site. Mosquitoes (Anopheles sp) belonging to family 
Culicidae prefer shaded places to lay their eggs in forests. Mosquitoes belonging to 
Culex sp prefer to rest in shady places and vegetation. Asian tiger mosquitoe, A. 
albopictus is a wild species and breed in tree holes (Amala and Anuradha, 2012). Leaf 
miners (Agromyza sp) are phytophagous in nature and come from the nearby garden 
of Harappa site. Dipteran species belonging to family Agromyzidae eat grasses and 
their larvae feed internally in stems, flowers, roots, leaves and seeds of variety of host 
plants (Scheffer et al., 2006 and Adendorff, 2010). Orthopteran species belonging to 
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family gryllotalpidae (G. orientalis) is the pest of nearby cultivated fields and is also 
present in nearby garden at Harappa site. This cricket feeds on the roots of plants. It 
came to the site due to attraction of light (Endo, 2011). Butterfly belonging to family 
Lycaenidae (Z. karsandra) is present in all grassy places (parks, gardens). Its 
caterpillar feed on herbaceous plants 
(http://www.learnaboutbutterflies.com/India%20-%20Zizeeria%20karsandra.htm ). 
The caterpillar of butterfly belonging to family Arctitidae U. pulchella are 
polyphagous in nature and mostly present in herbs 
(http://www.pyrgus.de/Utetheisa_pulchella_en.html). . Orthopteran species belonging 
to family gryllidae (G. bimaculatus) are present in soil cracks around the Harappa 
town. They are omnivorous (Saed et al., 2000; Damanhouri, 2011).  Gryllidae species 
A. domestica prefer dark places and active at night (Kieruzel, 1976). This species 
come to the site from the houses located at Harappa town. 
Table.5.2: Comparison of diversity parameters for various trophic guilds at old 
groves and restored site (Average for three years). 
Order Community Richness Abund
ance 
Shannon 
diversity 
Index 
Simpson 
diversity 
Index 
Evenness N1 N2 Sorensen 
Similarity 
Index 
Herbivores Old groves 22 3038 2.24 0.15 0.72 9 7 0.778 
 Restored site 14 1516 2.01 0.18 0.76 6 5 
Pollinators Old groves 17 4491 1.98 0.15 0.70 7 6 0.903 
 Restored site 14 2325 1.92 0.16 0.73 7 6 
Visitors  Old groves 33 384 3.40 0.03 0.97 30 28 0.625 
 Restored site 15 127 2.58 0.08 0.95 13 12 
Predators Old groves 38 2373 2.74 0.10 0.75 16 9 0.690 
 Restored site 20 1018 2.26 0.14 0.75 10 7 
Scavengers Old groves 29 3909 2.12 0.15 0.63 8 6 0.711 
 Restored site 16 2112 1.97 0.16 0.71 7 6 
Pests Old groves 8 2704 1.21 0.36 0.58 3 3 0.769 
 Restored site 5 2133 1.03 0.40 0.64 3 2 
Predators showed high value of Shannon index at old groves suggesting their higher 
diversity at old groves as compared to restored site. Due to high diversity at old 
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groves, they possessed more number of abundant species (N1=16) in which 9 
Predators were maximum in abundance  while restored site consisted of only 10 
abundant species out of which 7 Predators were maximum in abundance. On the basis 
of Simpson index, old groves consisted of less number of rare species due to high 
diversity as compared to restored site. Even distribution of Predators at both sites was 
75%. The value of Sorensen index showed that 69% Predator species were similar on 
both old groves and restored site. Beetles belonging to family Carabidae (C. maderae, 
Pterostichus and C. biaculatus) play an important role as Predators at the site. Most 
carabid species are generalist predators and feed on spiders and various insect larvae 
and eggs (Avgin, 2006; Siddiqui et al., 2006; Avgen and Emre, 2010). Forest 
inhabited carabid beetles are sensitive to the fragmentation of forest (Oates et al., 
2005). Staphylinid beetles (P.  fuscipes and S. xanthocephalus) are predators of fruit 
flies, aphids, thrips and other soft bodied insect. Forest ecosystem plays an important 
role in maintaining the diversity and abundance of leaf litter staphylinids (Nasir et al., 
2011; Nasier et al., 2013). Coccinellidea (C. septempunctata, C. transversalis  and M. 
sexmaculatus) play important predatory activity against phytophagous mites and 
Homopteran species especially which are injurious to forest plantation and 
agricultural crops (Costamagna and Landis, 2007; Rahatullah et al., 2011; Abbas et 
al., 2013; Majumder et al., 2013; Salehi et al., 2013Zahoor et al., 2013; Biranvand et 
al., 2014; Perveen and Habib, 2014). This predator-prey interaction provides stability 
to the ecosystem (Inayat et al., 2011). Hymenopteran species belonging to family 
Sphecidae (Sceliphron sp) and Vespidae (P.  flavus, P. metricus, V. orientalis and V. 
crabo) were found to be associated with the vegetation at the site and they play 
important role as Predators. Sphecid wasps are predators of Orthoptera, Araneidae, 
Acrididae, Homoptera, Diptera and Hymenoptera (Banna et al., 1999). Odonates play 
important role in balancing of ecosystem functions. Dragonflies (Odonata) are 
predators of dipterans i.e. mosquitoes and also other blood sucking insects (Yanoviak 
and Hanschu 1997; Kalita et al., 2014). They also control the insects which are 
harmful for humans i.e., mosquitoes and blood sucking insects. Hemipteran species 
belonging to family Pentatomidae (E. furcellata) is a generalist predator of wide range 
of Coleopteran insects, butterfly and moth caterpillars in both nymphal and adult 
stages (Ahmad, 1996; Nyunt, 2008).  All the four species of Neuroptera (net-winged 
insects) i.e., O. tessellata, O. nubeculosus, C. carnea and Dendroleon sp are 
predators. Lace wigs larvae are found on the vegetation or in the sandy soil in 
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sheltered areas, such as around the bases of trees. They are predacious in nature, 
feeding on aphids, thrips, whiteflies, American bollworms, mites, mealybugs and 
yellow striped armyworm (New, 1999; Rosenheim et al., 1999; Syed et al., 2005; 
Sattar et al., 2007 and Khan et al., 2013; Hameed et al., 2013). 
High value of Shannon index for Scavengers at old groves as compared to restored 
site indicated more number of abundant species (N1= 8) in which 6 species were 
maximum in abundance. At restored site the values of N1 and N2 were 7 and 6, 
respectively. Less value of Simpson index of old groves showed less number of rare 
species at old groves as compared to restored site. At old groves, 63% species of 
Scavengers were evenly distributed while 71% Scavengers were evenly distributed at 
restored site. The value of Sorensen index showed that 71% Scavenger species 
belonging to Scavengers were similar at both sites. At Harappa site, beetles belonging 
to family Anthicidae (Anthicus sp), Geotrupidae (G. orientalis), Scarabaeidae (O. 
gazelle) and Tenebrionidae (Adesmia sp, C. gazelle and P. indica) are Scavengers. 
Dung beetles of Geotrupidae (earth-boring dung beetles), Scarabaeidae help remove 
dung pats in efficient manner. Cattles, goats and dogs of nearby villages come to the 
site for grazing and food purposes and produce dung. Dung beetles help in the 
decomposition of dung containing nitrogen and nutrients to soil, minimize the access 
of infective worms to animals, minimize the breeding sites for the pestiferous flies 
and improve the permeability and water holding capacity of the soil to water (Ritcher, 
1958; Bertone, 2004; Dejean, 2007; Anlas, 2011; Umair et al., 2012).  Tenebrionids 
feed on dead decaying plant material, pollen, wood, leaf litter, fungal and algal 
material (Lillig, 2012). Anthicus beetles are scavangers of the dead insects (Evans, 
2014). In Hymenoptera, family Formicidae play important roles as predators and 
scavengers at the site. Ants the abundant group of social insects, are the group of 
ground and litter dwelling predators and scavengers. They play an important role in 
decomposition and recycling of decaying material (Cerda and Dejean, 2011). Ants are 
the diverse communities of omnivorous insects and play important role in food web 
stability (Bluthgen, 2003). Insect species belonging to family Calliphoridae, Muscidae 
and Otitidae live as scavengers. They help in the decomposition of the dead animals. 
Adult females lay their eggs on the carcasses. Dipterous flies are usually carrion 
feeders. Adult blow and flesh flies have a great sense of smell by which these flies are 
attracted by the odours of decay within a few hours of death (Prakash, 2008; 
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Maduamak et al., 2014). All the species of Forficulidae and Labiduridae (Dermaptera) 
play important role as Predators and Scavengers in the ecosystem. Earwigs 
(Dermaptera) are mostly associated with leaf litter and they prefer moist places which 
have high organic matter. Dermapteran species belonging to family Labiduridae, L. 
riparia predates upon fleas, cutworms, mealybugs, caterpillars, maggots and small 
invertebrates (Grant et al., 2011; http://www.tmorganics.com/on-farm/pests-and-
diseases/earwigs/pdf.html ).  The species belong to Labiidae L.  minor Linnaeus act as 
Scavenger in the Harappa ecosystem. All the species of Dictyoptera came from the 
nearby houses of modern Harappa town adjacent to the archaeological site. These 
species were mass migrants which move towards new areas by crawling and flying. 
These species are scavengers and nocturnal (Cornwell, 1968). 
 The value of Shannon index for Pollinators at old groves and restored site was almost 
similar showing that 7 species were abundant at both sites out of which 6 species were 
maximum in abundance. At old groves 70% species of Pollinators were evenly 
distributed while at restored site 73% species were evenly distributed. Similarity of 
Pollintors species was 90% for both sites. Bees of family Apidae (A. dorsata, A.florea 
and A. mellifera, Xylocopa sp and Ceratina sp) serve the role in ecosystem as 
“Pollinators”( Dedej and Delaplane, 2003 ; Chamberlain and Schlising , 2008 and 
Artz and Nault, 2011). Bees belonging to family Apidae,  A. dorsata, A.florea and A. 
mellifera were found to be associated with all the four plant species i.e., S. oleoides, 
T. aphylla, C. decidua and P. cineraria and play important role in their pollinaton. 
Honey bees visited large variety of plant species found in different habitat (Eardley et 
al., 2009). Without bees, many plants could not set their seeds and die (Sass, 2011). 
Bees were more abundant in the flowering and fruiting seasons of these plant species. 
Moths and Butterflies of family Nymphalidae (D. chrysippus), Papilionidae (P. 
polytes and P. demoleous ) and Pieridae (P. brassicacae, E. hecabe, C. amata and C. 
danae) are important pollinators. They feed upon the nectar and are the best 
pollinators (Wombacher et al., 1972).  Dipterans of family Chironomidae 
(Chironomid sp 1, 2 & 3) attract to flowers for pollen and nectar and increase the 
chance of fertilization and pollination (Willemstein, 1987; Armiitage et al., 1995 and 
Murugan et al., 2006). Butterflies belonging to family Nymphalidae, Papilionidae and 
Pieridae feed upon the nectar and are pollinators (Wombacher et al., 1972; Wadhwa 
and Sihag, 2012) 
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Higher value of Shannon index at old groves for Herbivores showed their high 
diversity at old groves. Old groves had 72% Herbivores species that were evenly 
distributed while restored site had 76% evenness. On the basis of Hill index, 9 species 
of Herbivores were abundant out of which 7 species were maximum in abundance at 
old groves while at restored site out of 6 species 5 species showed its maximum 
abundance. At old groves 72% species of Herbivores were evenly distributed while at 
restored site the value of evenness was 76%. Both the sites showed 78% similarity for 
Herbivores. Vegetation composition and structure is important for insects like 
orthopterans that live among and feed on plants (Fielding and Brusven, 1993). 
Orthopteran species belonging to family Acrididae and Pyrgomorohidae take food and 
shelter from the thorn forest. They play important role in nutrient cycling, and create a 
balance in the ecosystem (Suhail, 1997; Hashmi, 1994 and Latchininsky et al., 2011).  
Butterflies of family Pieridae also act as Herbivores associated with S.oleoides. These 
butterfly species lay their eggs on this plant and their larvae feed on it (Larsen, 1988). 
Beetle belonging to family Chrysomelidae (Leaf-Beetle) Phyllotreta sp eat non 
woody stems and leaves. Approximately all species of Phyllotreta feed on plants 
belonging to Cruciferae and Capparidaceae (Hiiesaar, 2003 Capinera, 2008 and Aslan 
and Ayvaz, 2009).  
 In case of Pests, high value of Shannon index at old groves showed higher diversity 
in a comparison of restored site. On the basis of Hill index 3 species were abundant 
and all these species were maximum in abundance at old groves. At restored site only 
3 species were abundant out of which 2 species showed their maximum abundance. 
Less value of Simpson index at old groves indicated less number of rare species due 
to higher diversity as compared to restored site. At old groves 58% species of Pests 
were evenly distributed while at restored site the 64% Pests species were evenly 
distributed.  Pests showed 77% similarity between both sites. Isopteran species i.e., M. 
obesi and O. obesus are the pests of  S.oleoides, T.aphylla and P.cineraria (Parihar 
and Singh, 1993; Orwa et al., 2009). Species belonging to Thsanoptera (Thrips sp and 
Haplothrips sp) and Homoptera (Cicadulina sp and Cicadellid sp) are common pests 
of plant species of thorn forest community (Parihar and Singh, 1993). Hemipteran 
species Bagrada bug is a pest of Capparis sipnosa. Bagrada bug mainly feed on 
variety of plants of Brassicacae (C. decidua, S. oleoides and T. aphylla) and the 
species of thorn forest comunity have close relationship with brassicacae so might be 
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it feed on these plant species. Orthopteran specie belonging to family Pyrgomorphidae 
P. pictus is the pest of P. cineraria (Parihar and Singh, 1993). 
All the trophic guilds were less diverse at restored site due to less dense vegetation, 
availability of food (Pollen, nectar) and less ground cover, mulch and woody and less 
availability of prey (Crane and Baker, 2011). Young plants have started producing 
flowers that attracted pollinators which results the highest similarity index between 
two sites. Less plant diversity at the restored site could be the reason of least 
similarity index of Visitors between the sites. 
Table 5.3: Comparison of Shannon diversity index of old groves and restored site 
(Average of three years). 
 
Order Old groves Restored site t-value P value 
 H Var(H) H Var(H)   
Herbivores 2.249 0.00037 2.017 0.00063 7.331 0.0000 
Pollinators 1.983 0.00011 1.928 0.00019 3.158 0.0008 
Visitors 3.402 0.00039 2.589 0.00121 20.33 0.0000 
Predators 2.747 0.00065 2.265 0.00105 11.68 0.0000 
Scavengers 2.125 0.00029 1.977 0.00034 5.868 0.0000 
Pests 1.215 0.00029 1.032 0.00023 8.025 0.0000 
 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Vegetation structure affects food abundance, temperature, humidity, sun radiation 
reaching the ground, wind and may constitute refuges from predators. All these 
factors create microhabitats for different insect species (Forsberg, 2004). It is 
expected that with the increasing age and complexity of plant species at restored site, 
the vegetation cover will become denser and resource heterogeneity will produce 
microhabitats. This will enhance the complexity of food chains and food webs which 
provide suitable environment for flourishing the insect trophic guilds at restored site 
in future.  
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Table 5.1. Insect trophic guilds of thorn forest community at Harappa. 
Herbivores 
Colotis danae Fabricius Locusta migratoria Pyrgomorpha conica Acrida exaltata Walker 
Eurema hecabe Linnaeus Oxya velox Aiolopus thalassinus Fabricius Sphingonotus sp 1 
Colotis amata Fabricius Sphingonotus rubescens Saussure Chrotogonus sp 1 
Atractomorpha 
crenulataFabricius 
Pieris brassicae Linnaeus Sphingonotus savignyi Saussure Pyrgomorpha sp 1 Hieroglyphus  sp  
Acrotylus insubricus Scopoli Sphingonotus sp 2 Aiolopus sp 
Chrotogonus trachypterus 
Blanchard 
Phyllotreta sp Chrotogonus sp 2  
 
Predators 
Calosoma maderae Fabricius Formica exsectoides Crocothemis Servilia Drury Vespa orientalis Linnaeus 
Calosoma sp Polistes flavus Cresson Orthetrum anceps Schneider Chrysoperla carnea Stephens 
Chlaenius bimaculatus Dejean Polistes sp1 Pantala flavescens Fabricius Dendroleon sp 
Cicindela repanda Dejean Polistes metricus Say 
Menochilus sexmaculatus 
Fabricius Crocothemis sp 
Coccinella septempunctata 
Linnaeus Ogcogaster tessellata Westwood Staphylinus xanthocephalus Kratz 
Orthetrum pruinosum neglectum 
Rambur 
Pterostichus sp. Osmylus nubeculosus Navas Forficula auricularia Linnaeus Coccinella transversalis 
Labidura sp Ishnura forcipata Morton Sceliphron sp Paederus fuscipes Curtis 
Aenictus aratus Crocothemis erythraea Brulle Vespa crabo Linnaeus Forficula sp 
Labidura riparia Pallas Vespa sp Cicindela undulata Dejean  
Formica sp Orthetrum sabina Drury Eocanthecona furcellata Wolff  
Pollinators 
Chironomid sp2 Danaus chrysippus Linnaeus Eurema hecabe Linnaeus Ceratina  sp 
Apis dorsata Fabricius Papilio polytes Linnaeus Pieris brassicae Linnaeus Xylocopa pubescens Spinola 
Apis florea Fabricius Colotis amata Fabricius Chironomid sp 3 Chironomid sp1 
Apis mellifera Linnaeus Colotis danae Fabricius Anthophora sp Papilio demoleus Linnaeus 
Myzinum sp    
Scavengers 
Geotrupes orientalis Westwood Labia minorLinnaeus Blattid sp.2 Antherigona sp 
Onthophagus gazelle Fabricius Blatella germanica Linnaeus Calliphora sp Musca domestica Linnaeus 
Adesmia sp Aenictus aratus Periplanata sp.1 Formica sp 
Cryphaeus gazella Fabricius Formica exsectoides Calliphora vicina Linnaeus Blattid sp.1 
Pimelia indica Anthicus sp Chrysomyza demantata Fabricius Periplanata sp.2 
Pimelia sp Forficula auricularia Linnaeus Entomobrya sp Forficula sp 
Labidura sp Blatella sp. 1 Antherigona soccata Rondani Labidura riparia Pallas 
Blatella sp.2    
Visitors 
Myllocerus discolor Bohieman Spoladea recurvalis Fabricius Gryllotalpa orientalis Linnaeus Earias vitella Fabricius 
Tanymecus indicus Faust Zizeeria Karsandra Moore Macrocentrus collaris Spinola Utethesia pulchella Linnaeus 
Culex quinquefasciatus Say Agrotis ipsilon Hufnagel Microplistis demolitor Wilkinson Microplistis sp 
Culex sp 
Agrotis segetum Denis & 
Schiffermueller Netelia sp 
Aedes albopictus Skuse 
Creontiades pallidus Ramber Earias insulana Boisduval Spodoptera litura Fabricius Diaphania indica Saunders 
Physopelta gutta Burmeister Helicoverpa armigera Hubner Myllocerus undatus Marshall Culex pipiens Linnaeus 
Nezara viridula Linnaeus Spodoptera exigua Hubner Agromyza sp Gryllus bimaculatusDeGeer 
Nezara sp Acheta domestica Linnaeus Anopheles stephensi Liston Cotesia sp 
Pests 
Bagrada hilaris Burmeister Odontotermes obesus Rambur Thrips sp Poekilocerus pictus Fabricius 
Cicadulina bipunctella 
Matsumura Haplothrips sp Cicadellid sp 
Microtermes obesi Holmgren 
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Biodiversity is an important factor which helps in stability and productivity of 
ecological processes (Naeem et al., 1999). Insects are suitable factor for the 
assessment of impact of the disturbance in ecosystem composition and the 
dynamics. Insects play an important role as “test  organisms” in comparison of 
disturbed and the undisturbed sampling sites due to functional relationships among 
the species and high abundance in many taxa (Zilihona and Nummelin, 2001; 
Japoshvili et al, 2009). Restoration approaches for the management and 
conservation of forest are necessary to protect the biodiversity of forests. Forest 
restoration is effective for the maintenance and increase in diversity of insect 
species (Toivanen et al., 2009). 
The present study showed that the community structure of insects  of thorn forest 
of Harappa consisted of diverse variety of insects of order Coleoptera, 
Hymenoptera, Orthoptera, Lepidoptera, Diptera, Odonata, Dictyoptera, Hemiptera, 
Dermaptera, Neuroptera, Thysanoptera, Isoptera,  Homoptera and Collembola. 
Coleopteran and Hymenopteran species showed highest species richness at both 
sites. Order Coleoptera and Hymenoptera contain the largest number of described 
species of any insect order. Coleopteran species play different roles as predators, 
scavengers and nutrient cycling in ecosystem. Hymenopteran species especially 
bees pay important role in pollination. In the thorn forest species, Capparis 
decidua consisted of highest number of associated insect species. Restored site of 
the thorn forest community at Harappa is a small patch having young trees that are 
only 12 years old as compared to old groves. Old forests regulate the hydrologic 
cycle, nitrogen cycle and did not lose the water and nutrients as compared to young 
forest. Old groves provided a variety of trees sizes and conditions and create more 
heterogeneous conditions as compared to the restored site. Vegetation structure and 
maturity of site are important factors influencing insect species richness, 
abundance and diversity (Longcore, 1999). The maintenance of high diversity 
insects is correlated with the increasing structural diversity of the green plants 
because a high diversity of plants provides abundant and diverse resources and 
habitat permanence for insects (Hadded et al., 2001).  High architectural 
complexity of vegetation   provide great potential for colonization and resources 
i.e., overwintering sites, feeding, oviposition and resting sites (Korosi et al., 2012). 
These are also the major reasons of having more insect diversity at old groves as 
compared to restored site. At both sites of thorn forest community, maximum 
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numbers of species are predatory in behavior. This provides the important pest 
control mechanism to nearby agricultural crops which will help in the high yield of 
agriculture cash crops. This insect fauna establishes high food web complexes 
which help in the initiation of crop insect interactions and influence the yield of 
crops. Harappa forest patch provide habitats and refugees for pollinators which 
play important role in the pollination of surrounding crops. Wild bees play 
pollination services in this regard (Nicholls and Altieri, 2012). Butterflies 
belonging to family Pieridae totally depend on S.oleoides for their food and life 
cycle stages. This thorn forest provide healthy habitat, necessary for survival of 
these butterfly species. These butterflies also play an important role of pollination. 
Harappa thorn forest community is surrounded by Harappa Village and agricultural 
crops. Old GT road joining two cities i.e., Harappa and Chichawatni also pass 
through the site and is a disturbance factor. Although the site is protected by the 
Archaeology Department but still the villagers collect fuel wood and bring their 
livestock for grazing. They also made small pathways or shortcuts within this 
forest for reaching to the main road. These are the local and landscape factors 
which influence the insect species diversity and assemblages of thorn forest 
community. Modern agricultural practices including intensive land use, habitat 
fragmentation, grazing and deforestation are the major causes of loss of insect 
diversity. Grazing affects plant diversity, vegetation structure and ecosystem 
processes (Cagnolo et al., 2002). This will ultimately affect the insect diversity. 
Presence of rare species in thorn forest can be used as a guide for conservation and 
management of biodiversity. These species were less in number due to the 
disturbing factors (agricultural practices including intensive land use, habitat 
fragmentation, grazing and deforestation) and need conservation. Ecosystem 
services are affected due to habitat loss and fragmentation. Fragmentation changes 
the abundance and composition of insect communities which affect the 
decomposition of leaf litter and nutrient cycling processes. Beetles belonging to 
families Staphylinidae, Carabidae and Scarabaeidae usually present in the interior 
of forest and disappear from the forest fragments. The reason of their 
disappearance is the drier microclimatic conditions and less availability of 
mammal dung and fallen fruits on which they reproduce. These insects travel great 
distances in searching of food and decaying material for reproduction purposes. 
But due to patches, pathways and roads, they did not cross these pathways and 
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roads. Due to its small size surrounded by highly modified landscape, edges are 
more exposed to light, pollution and wind.  These physical changes create dryness 
of soil, decrease soil moisture and increase transpiration rate. These microclimatic 
changes alter the vegetation structure which ultimately affects the diversity of 
insect fauna. Changes in diversity of insect fauna create change in insect guild 
structure or insect interactions (Laverty and Gibbs, 2007).   
The present study provide the inventory of insect species associated with thorn 
forest community at Harappa for the first time.This study also highlighted the rich 
insect fauna associated with climax plant species (S. oleoides and P. cineraria) and 
sub climax plant species (T. aphylla and C. decidua) of thorn forest community 
and explained different ecological roles of these insect species. These insect 
species establish various complexed food chains and food webs which provide 
integrity and stability to thorn forest ecosystem. This insect fauna has a great 
influence on the diversity of animals belonging to higher trophic levels present in 
thorn forest. Most of the animal species of higher trophic level depend on these 
insect species directly or indirectly. 
CONCLUSIONS AND RECOMMENDATIONS  
Current study indicated less insect diversity and guild diversity at restored site. The 
reasons of less insect diversity and guild structure are the presence of less and 
young vegetation at restored site. The soil of restored is saline-sodic due to which 
establishment of plant community is slow. This factor is a big hindrance in the 
growth and survival percentage of plant community due to which insect diversity 
was less at restored site. Relationship between the characteristics of vegetation and 
arthropods is essential. At the restored site insect community structure was 
influenced by the plant community conditions which in turn are affected by the 
physical and chemical properties of soil and management practices.This study also 
suggested that insect diversity and guild structure are the best indicators of 
restoration success. Both the sites showed 72% similarity in the distribution of 
insect fauna belonging to all orders after twelve years of restoration. This is an 
indication that old groves and restored site are strongly similar in distribution of 
insect fauna. It is further expected that with the increasing age and complexity of 
the restored community the vegetation cover will become denser. This will provide 
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increase microhabitats and food resources to the associated insect species and will 
increase further insect diversity at the restored site. 
 
In the light of current study, following recommendations are made  
 Restoration techniques should be improved for better evaluation of structural and 
functional trends of insects. 
 Level of disturbance in case of trespassing of villagers and trampling and grazing 
by livestock should be minimized. 
 Active restoration process is needed for the establishment of high insect diversity 
and its functional complexity. Reintroduction of plants through active planting and 
establishment of favorable site conditions that allow a faster re-colonization of 
insects should be promoted. 
 Further studies should be improved by identifying the area sensitive insect species 
and insect species sensitive to disturbance factors.  
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Appendix I : Comparison of insect diversity parameters for old groves and restored site for 
different orders of year 2010.               
Order Community Richnes
s 
Abundanc
e 
Shannon 
diversity 
index 
Simpson 
diversity 
index 
Evennes
s 
N1 N2 Sorens
en 
similari
ty 
index 
Overall Old groves 135 12245 3.442 0.049 0.701 31 20 0.714 
  Restored site 75 6801 3.117 0.066 0.635 23 15 
Coleoptera Old groves 22 2828 1.848 0.218 0.598 6 5 
0.842 
 Restored site 16 1591 1.732 0.226 0.625 6 4 
Collembola Old groves 1 6 0.000 1.000 - 1 1 - 
  Restored site 0 0 0.000 0.000 - 1 - 
Dermaptera Old groves 5 31 1.602 0.203 0.995 5 5 
0.571 
 Restored site 2 8 0.693 0.500 1.000 2 2 
Dictyoptera Old groves 7 30 1.850 0.169 0.951 6 6 
0.600 
 Restored site 3 8 0.974 0.406 0.887 3 2 
Diptera Old groves 16 190 2.552 0.099 0.921 13 10 
0.720 
 Restored site 9 88 2.073 0.142 0.944 8 7 
Hemiptera Old groves 6 63 1.680 0.204 0.938 5 5 0.667 
  Restored site 3 23 1.006 0.395 0.915 3 2 
Homoptera Old groves 2 269 0.182 0.915 0.263 1 1 0.667 
  Restored site 1 157 0.000 1.000 - 1 1 
Hymenopte
ra 
Old groves 22 3315 1.922 0.181 0.622 
7 6 0.743 
  Restored site 13 1573 1.756 0.198 0.685 6 5 
Isoptera Old groves 2 2143 0.693 0.501 0.999 2 2 
1.000 
 Restored site 2 1771 0.690 0.503 0.996 2 2 
Lepidoptera Old groves 17 1900 1.455 0.297 0.513 4 3 
0.741 
 Restored site 10 999 1.295 0.337 0.562 4 3 
Neuroptera Old groves 4 47 1.337 0.272 0.964 4 4 
0.667 
 Restored site 2 17 0.691 0.502 0.998 2     2 
Odonata Old groves 8 534 1.354 0.336 0.651 4 3 
0.667 
 Restored site 4 201 0.968 0.448 0.699 3 2 
Orthoptera Old groves 21 824 2.327 0.131 0.764 10 8 
0.600 
 Restored site 9 341 1.901 0.173 0.865 7 6 
Thysanopte
ra 
Old groves 2 65 0.640 0.552 0.923 
2 2 
0.667 
 Restored site 1 24 0.000 1.000 - 1 1 
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Appendix II : Comparison of insect diversity parameters for old groves and restored site for 
different orders of year 2011.               
Order Community Richness Abundan
ce 
Shannon 
diversity 
index 
Simpson 
diversity 
index 
Evennes
s 
N1 N2 Sorensen 
Similarit
y Index 
Overall Old groves 136 14153 3.585 0.044 0.730 36 23 0.717 
 Restored site 76 7799 3.218 0.061 0.655 25 16 
Coleoptera Old groves 22 3162 1.921 0.207 0.621 7 5 0.842 
 Restored site 16 1757 1.812 0.211 0.654 6 5 
Collembola Old groves 1 11 0.000 1.000 - 1 1 - 
 Restored site 0 0 0.000 0.000 - 1 - 
Dermaptera Old groves 5 53 1.595 0.206 0.991 5 5 0.571 
 Restored site 2 13 0.666 0.527 0.961 2 2 
Dictyoptera Old groves 7 55 1.820 0.180 0.936 6 6 0.444 
 Restored site 2 19 0.692 0.501 0.998 2 2 
Diptera Old groves 16 269 2.621 0.086 0.945 14 12 0.720 
 Restored site 9 128 2.093 0.137 0.952 8 7 
Hemiptera Old groves 6 87 1.719 0.191 0.959 6 5 0.667 
 Restored site 3 37 1.002 0.395 0.912 3 3 
Homoptera Old groves 2 320 0.225 0.888 0.325 1 1 0.667 
 Restored site 1 181 0.000 1.000 - 1 1 
Hymenoptera Old groves 22 3774 2.016 0.170 0.652 8 6 0.743 
 Restored site 13 1837 1.813 0.187 0.707 6 5 
Isoptera Old groves 2 2286 0.692 0.501 0.999 2 2 1.000 
 Restored site 2 1947 0.690 0.503 0.996 2 2 
Lepidoptera Old groves 18 2217 1.591 0.269 0.550 5 4 0.800 
 Restored site 12 1160 1.405 0.312 0.565 4 3 
Neuroptera Old groves 4 106 1.237 0.317 0.893 3 3 0.667 
 Restored site 2 33 0.693 0.500 0.999 2 2 
Odonata Old groves 8 639 1.445 0.308 0.695 4 3 0.667 
 Restored site 4 243 1.050 0.413 0.758 3 2 
Orthoptera Old groves 21 1078 2.373 0.127 0.779 11 8 0.600 
 Restored site 9 407 1.952 0.159 0.888 7 6 
Thysanoptera Old groves 2 96 0.613 0.578 0.884 2 2 0.667 
 Restored site 1 37 0.000 1.000 - 1 1 
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Appendix III : Comparison of insect diversity parameters for old groves and restored site for 
different orders of year 2012.               
 
Order Community Richness Abundance Shannon 
diversity 
index 
Simpson 
index 
Evenness N1 N2 Sorens
en 
similar
ity 
index 
Overall Old groves 136 15113 3.670 0.041 0.747 39 24 0.717 
 Restored site 76 8349 3.294 0.057 0.670 27 18 
Coleoptera Old groves 22 3298 1.970 0.199 0.637 7 5 0.842 
 Restored site 16 1849 1.848 0.206 0.666 6 5 
Collembola Old groves 1 13 0.000 1.000 - 1 1 - 
 Restored site 0 0 0.000 0.000 - 1 - 
Dermaptera Old groves 5 70 1.586 0.210 0.985 5 5 0.571 
 Restored site 2 18 0.668 0.525 0.964 2 2 
Dictyoptera Old groves 7 68 1.844 0.172 0.948 6 6 0.444 
 Restored site 2 25 0.692 0.501 0.999 2 2 
Diptera Old groves 16 314 2.621 0.087 0.945 14 12 0.720 
 Restored site 9 148 2.113 0.131 0.962 8 8 
Hemiptera Old groves 6 102 1.731 0.187 0.966 6 5 0.667 
 Restored site 3 42 0.992 0.398 0.903 3 2 
Homoptera Old groves 2 356 0.254 0.869 0.367 2 1 0.667 
 Restored site 1 198 0.000 1.000 - 1 1 
Hymaneptera Old groves 22 3999 2.092 0.162 0.677 8 6 0.743 
 Restored site 13 1946 1.867 0.179 0.728 6 6 
Isoptera Old groves 2 2342 0.692 0.501 0.998 2 2 1.000 
 Restored site 2 1989 0.690 0.503 0.996 2 2 
Lepidoptera Old groves 18 2388 1.679 0.255 0.581 5 4 0.800 
 Restored site 12 1264 1.499 0.289 0.603 4 3 
Neuroptera Old groves 4 135 1.243 0.315 0.897 3 3 0.667 
 Restored site 2 42 0.689 0.505 0.993 2 2 
Odonata Old groves 8 698 1.493 0.294 0.718 4 3 0.667 
 Restored site 4 281 1.044 0.419 0.753 3 2 
Orthoptera Old groves 21 1218 2.428 0.120 0.798 11 8 0.600 
 Restored site 9 504 1.950 0.159 0.887 7 6 
Thysanoptera Old groves 2 112 0.628 0.564 0.906 2 2 0.667 
 Restored site 1 43 0.000 1.000 - 1 1 
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APPENDIX IV: Insect species abundance on yearly basis. 
Order/Family/ Species OG  
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Order/Family/ Species OG 
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Lepidoptera               Dermaptera               
Arctidae Utethesia pulchella 
Linnaeus  
4 10 12 0 0 0 Labiduridae Labidura sp 5 9 11 0 0 0 
Crambidae Diaphania indica 
Saunders 
4 9 11 0 0 0   Labidura riparia 
Pallas 
6 10 16 4 8 11 
  Spoladea recurvalis 
Fabricius 
15 24 33 5 11 16 Forficulidae Forficula sp 6 14 19 0 0 0 
Lycaenidae Zizeeria Karsandra 
Moore 
13 18 26 0 0 0   Forficula auricularia 
Linnaeus 
7 9 11 4 5 7 
Noctuidae Agrotis ipsilon 
Hufnagel 
7 12 16 4 6 9 Labiidae Labia minorLinnaeus 7 11 13 0 0 0 
  Earias insulana 
Boisduval  
5 12 15 3 11 19 Dictyoptera               
  Agrotis segetum 
Denis & 
Schiffermueller  
5 7 14 0 0 0 Blattidae Periplanata sp.1 6 10 12 0 0 0 
  Earias vitella 
Fabricius 
3 7 8 0 0 0   Blattid sp.1 2 4 5 1 0 0 
  Spodoptera litura 
Fabricius  
6 11 13 0 0 0   Blattid sp.2 2 4 5 0 0 0 
  Helicoverpa 
armigera Hubner 
10 21 35 8 14 21   Periplanata sp.2 5 11 14 3 9 13 
  Spodoptera exigua 
Hubner  
7 11 15 4 7 10 Blatellidae Blatella sp. 1 7 15 17 4 10 12 
Nymphalidae Danaus chrysippus 
Linnaeus 
4 7 19 2 3 8   Blatella sp.2 3 4 6 0 0 0 
Papilionidae Papilio demoleus 
Linnaeus 
0 2 2 0 1 1   Blatella germanica 
Linnaeus 
5 7 9 0 0 0 
  Papilio polytes 
Linnaeus 
1 2 2 0 1 1 Neouroptera               
Pieridae Colotis danae 
Fabricius 
289 357 376 119 144 174 Myrmeleontidae Dendroleon sp 12 19 24 0 0 0 
  Eurema hecabe 
Linnaeus 
658 727 749 341 394 402 Chrysopidae Chrysoperla carnea 
Stephens 
14 42 55 8 16 19 
  Colotis amata 
Fabricius 
137 186 203 64 82 93 Ascalaphidae Osmylus nubeculosus 
Navas 
6 8 11 0 0 0 
  Pieris brassicae 
Linnaeus 
732 794 839 449 486 510   Ogcogaster tessellata 
Westwood 
15 37 45 9 17 23 
Contd. 
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Order/Family
Hymenoptera 
 
Species 
 
  OG 
2010 
 
OG 
2011 
 
OG  
2012 
 
RS 
2010 
 
RS 
2011 
 
RS 
2012 
 
Order/Family 
Coleoptera 
 
Species 
 
OG 
2010 
 
OG 
2011 
 
OG  
2012 
 
RS 
2010 
 
RS 
2011 
 
RS 
2012 
Apidae Anthophora sp 12 19 22 7 12 19 Anthicidae Anthicus sp  15 17 18 9 13 14 
  Apis dorsata 
Fabricius 
733 801 816 332 378 391         Carabidae Calosoma maderae 
Fabricius 
11 13 15 5 6 7 
  Apis florea 
Fabricius 
795 852 873 432 463 475   Calosoma sp  8 11 17 0 0 0 
  Apis mellifera 
Linnaeus 
656 758 796 337 377 385   Chlaenius 
bimaculatus Dejean 
23 26 27 11 14 16 
  Ceratina sp 10 25 29 7 15 19   Pterostichus sp.  12 15 19 10 12 13 
  Xylocopa 
pubescens Spinola 
5 11 29 0 0 0 Chrysomelidae Phyllotreta sp 12 20 22 9 11 12 
Braconidae Cotesia sp 11 15 24 0 0 0   Cicindelidae Cicindela repanda 
Dejean 
13 17 19 6 9 10 
  Macrocentrus 
collaris Spinola  
5 7 13 3 4 5   Cicindela undulata 
Dejean  
8 12 15 0 0 0 
  Microplistis sp 4 5 5 2 1 1       Coccinellidae Coccinella 
septempunctata 
Linnaeus 
93 120 134 45 76 79 
  Microplistis 
demolitor 
Wilkinson 
4 13 16 3 9 10   Coccinella 
transversalis 
85 99 106 54 68 75 
Formicidae Aenictus aratus 485 547 561 209 264 278   Menochilus 
sexmaculatus 
Fabricius 
22 45 64 0 0 0 
  Formica 
exsectoides 
372 409 431 185 244 264 Curculionidae Myllocerus 
discolorsBohieman 
9 10 12 4 5 6 
  Formica sp 56 71 83 0 0 0   Myllocerus undatus 
Marshall 
10 13 14 4 7 11 
Ichneumonidae Netelia sp 11 13 14 0 0 0   Tanymecus indicus 
Faust 
12 15 16 0 0 0 
Sphecidae Sceliphron sp 9 16 20 0 0 0 Geotrupidae Geotrupes orientalis 
Westwood 
6 8 9 0 0 0 
Tiphiidae Myzinum sp 7 12 15 3 6 8 Scarabaeidae Onthophagus gazelle 
Fabricius 
15 20 21 12 14 19 
Vespidae Polistes sp1 25 45 54 0 0 0 Staphylinidae Paederus fuscipes 
Curtis 
23 27 30 3 6 10 
  Polistes flavus 
Cresson 
34 46 57 10 12 26   Staphylinus 
xanthocephalus Kratz 
6 11 14 0 0 0 
  Polistes metricus 
Say 
7 11 14 0 0 0 Tenebrionidae Adesmia sp 875 941 950 476 494 515 
  Vespa crabo 68 81 96 43 52 65   Cryphaeus gazella 
Fabricius 
221 245 254 150 167 175 
  Vespa orientalis 
Linnaeus 
3 10 18 0 0 0   Pimelia indica 704 776 798 435 458 464 
  Vespa sp 3 7 13 0 0 0   Pimelia sp 645 701 724 358 397 423 
Contd.
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Order/Family 
Orthoptera 
Species OG  
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Order/Family 
Thysanoptera 
Species OG 
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Acrididae Acrida exaltata 
Walker 
10 16 25 7 9 13 Thripidae Thrips sp 22 29 36 0 0 0 
  Aiolopus 
thalassinus 
Fabricius  
12 17 19 7 12 13 Phlaeothripidae Haplothrips sp 43 67 76 24 37 43 
  Acrotylus 
insubricus Scopoli 
45 49 54 22 28 32          
  Aiolopus sp  6 7 8 0 0 0 
Diptera               
  Hieroglyphus sp 6 12 16 0 0 0 
      Agromyzidae Agromyza sp 11 15 17 7 11 14 
  Locusta migratoria 7 8 11 0 0 0 
Calliphoridae 
Calliphora vicina 
Linnaeus 10 17 21 7 12 15 
  Oxya velox 
Fabricius 
11 16 19 8 9 11 
  Calliphora sp 7 12 17 0 0 0 
  Sphingonotus 
rubescens Saussure 
173 234 251 86 91 105 
Chironomidae Chironomid species1 12 21 24 5 10 13 
  Sphingonotus 
savignyi Saussure 
127 158 175 68 76 95 
  Chironomid species2 9 11 12 0 0 0 
  Sphingonotus sp 1 12 19 26 0 0 0 
  Chironomid species3 6 9 10 0 0 0 
  Sphingonotus sp 2 11 14 16 0 0 0 
Culicidae 
Aedes albopictus 
Skuse 13 21 23 11 17 19 
Gryllidae Acheta domestica 
Linnaeus 
5 11 14 0 0 0 
  
Anopheles stephensi 
Liston 7 11 12 0 0 0 
  Gryllus 
bimaculatusDeGeer 
3 4 9 0 0 0 
  
Culex pipiens 
Linnaeus 15 17 18 8 12 14 
Gryllotalpidae Gryllotalpa 
orientalisLinnaeus 
1 2 4 0 0 0 
  
Culex 
quinquefasciatus Say 4 8 10 0 0 0 
Pyrgomorphidae Chrotogonus 
trachypterus 
Blanchard 
97 138 157 42 58 77 
  
Culex tarsalis 
Coquillett 4 9 12 0 0 0 
  Chrotogonus sp1 84 102 116 34 52 63 
  Culex sp 5 8 9 4 5 6 
  Chrotogonus sp2 11 16 17 0 0 0 
Muscidae 
Antherigona soccata 
Rondani 16 21 23 11 13 14 
  Poekilocerus pictus 
Fabricius 
7 20 26 0 0 0 
  Antherigona sp  8 11 13 0 0 0 
  Pyrgomorpha 
conica 
147 178 194 67 72 95 
  
Musca domestica 
Linnaeus 42 51 60 22 31 33 
  Pyrgomorpha sp 1 39 45 48 0 0 0 
Otitidae 
Chrysomyza 
demantata Fabricius 21 27 33 13 17 20 
 Atractomorpha 
crenulataFabricius 10 12 13 0 0 0 Contd. 
 
         
133 
 
 
Order/Family
/ 
Species OG  
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Order/Family/ Species OG 
2010 
OG 
2011 
OG  
2012 
RS 
2010 
RS 
2011 
RS 
2012 
Odonata               Homoptera               
Coenagrionida
e 
Ishnura forcipata 
Morton 7 10 12 0 0 0 Cicadellidae 
Cicadulina 
bipunctella 
Matsumura 12 19 25 0 0 0 
Libellulidae 
Crocothemis 
erythraea Brulle 156 191 209 65 77 86   Cicadellid sp 257 301 331 157 181 198 
  
Orthetrum 
anceps Schneider 17 19 23 10 15 18 
Isoptera               
  
Crocothemis 
Servilia Drury 258 285 299 117 134 158 
Termitidae Microtermes obesi 
Holmgren 
1035 1092 1115 817 902 921 
  
Pantala 
flavescens 
Fabricius 10 27 35 9 17 19 
  Odontotermes 
obesus Rambur 
1108 1194 1227 954 1045 1068 
  
Orthetrum 
pruinosum 
neglectum 
Rambur 15 13 14 0 0 0 Collembolla               
 Crocothemis sp 66 81 87 0 0 0 Entomobryidae Entomobrya sp 6 11 13 0 0 0 
 
Orthetrum 
sabina Drury 5 13 19 0 0 0          
                
Hemiptera 
Creontiades 
pallidus Ramber 5 11 14 0 0 0         
 
Physopelta gutta 
Burmeister 16 19 21 0 0 0         
 
Bagrada hilaris 
Burmeister  18 23 27 12 19 21         
 
Eocanthecona 
furcellata Wolff 6 8 11 4 6 6         
 
Nezara viridula 
Linnaeus 11 17 19 7 12 15         
 Nezara sp 7 9 10 0 0 0         
  
Where OG = old groves,        RS = restored site. 
 
 
 
